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M.ll.cu.nl   n.ar.l  was  not  .„,,„  i„  t|,,  f,,^,,,, ,  ,,,j„„;,,.,,„^,  „f 
tl.-  stu,l..nt  of  nu.licin...     Thr  lua^Muticalion   of  the  ollic,.  of 
examinations,  ulud,   ,.  tl,..  l.an..  of    UvJ^'i  clucation   in  tl.is 
count.y.  t,  n,l>  to  the  sfivotypin;;  of  faclun^',  an.l  makes  it 
■hllicult  to  .l.si^n  courses  u,tl.  tl,e  natmal  ,  hjeet  of  nnivox>W' 
tl.e  knoulecl^e  of  the  st.i.leMt.     An.l  yet  if  a  man  ,s  to  un.lei" 
^tan.l    the  ,,rohl,  ins   of   ,li...ase,   he   n,ust  fust  U~  aojuainte.l 
^vuh   th,.  woikin.'s  of  the  healthy  ho^iy.     It  i.  not  sullicMent 
nor  IS    It  neeessary,  that  he  should    know  all  that  has  been 
wntten  on  the  suhject.     Kather  n.ust  Iv  aim  at  having  such  a 
mental  ima;;,.  of  ih,.  ..r^r^ns  of  tiie  ainmal  ho.lv,  that  the  latter 
hocomes    to    him,  so    to  speak,   transparent,  'an.l    he    is   ahle 
mentally  to  picture  tlu-  disorders  of  function,  which  he  infers 
from  the  si-ns  and  symptoms  utilised  l,y  the  medical  man  for 
the  purposes  of  dia;,mosis.     This  knowledge  cannot  he  obtained 
simply  from  the   reading   of    books.     Although    this  country 
\Mis  one  of  the  earliest  to  require  practical  work  m  l"hysiolo"y 
from  Its  medical  students,  the  ease  with  which  the  fundamentd 
principles  of  physiology  can  be  studied  on  the  reactions  of  the 
muscles  and  nerves  of   the  frog,  has  led  to  the  comparative 
neglect  of  many  important  functions  in    which  we  need  the 
g'uidance  of  experiments  on  ourselves,  or  on  other  mammals 
Even  at  the  present  time,  legal  restrictions  prevent  the  student 
from  learning  on  the  lower  animals  the  routine  of  the  adminis- 
tration of  anu.tlu  tics,  or  the  technique  of  the  simple  operative 
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procedures  necessary  for  the  iiuesli<;ation  of  the  functions  of 
the  healthy  body,  so  that  his  first  experience  in  the  adminis- 
tration of  anaesthetics,  as  well  as  in  surgical  operations,  has  to 
be  gained  on  man  himself.  It  is  all  the  more  important, 
therefore,  that  those  functions  of  the  body  which  can  only  be 
studied  in  the  living  mammal,  should  be  shown  to  the  student 
by  way  of  demonstration. 

In  the  revised  regulations  of  the  University  of  London,  a 
syllabus  of  Practical  Physiology  has  been  prescribed,  which  is 
more  in  accordance  with  the  actual  requirements  of  the  student 
of  medicine.  The  present  work  is  an  attempt  to  put  this 
syllabus  into  practice.  I  have  carefully  gone  through  all  the 
exercises  with  the  authors,  and  I  iKilievo  not  only  that  the 
work  contains  the  practical  training  required  by  the  University 
of  London  of  its  candidates,  but  also  that  the  student  who  has 
conscientiously  worked  through  the  exercises,  will  find  that 
the  knowledge  gained  thereby  will  materially  assist  him  m 
his  future  work,  i.e.  in  the  comprelunision  and  treatment  of 
disease.     This,  at  any  rate,  is  the  idea  wbich  has  inspir-  1  the 

writers  of  the  book. 

In  the  first  edition  of  a  book  of  tliis  character,  it  is 
impossible  to  avoid  faults  both  of  omission  and  commission, 
which  can  only  be  brought  to  light  when  the  book  is  actually 
used  in  practical  classwork. 

The  writers  will  therefore  gladly  welcome  any  suggestions 
from  their  colleagues  in  the  University  and  Us  schools,  as  to 
points  in  which  future  editions  of  the  work  can  be  made  more 
useful  to  students. 

EKNEST   II.    STARLING. 
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EXrj']RBrENTAL   PHYSIOLOGY 


TART    I 
PHYSIOLOGICAL  ANATOMY   OF  THE  EABBIT 

Tlu.  .lis,M.cti(,n  is  t„  1„.  ,na,l.  fn„n  =i  l.l,ysiolu;,-i,,al,  rath.T 
tlKin  fro,,,  :i„  a„;itu,„i,.al  st.-;,.1poi„l.  \i  is  be,t  oimrd  „ut  on 
''-'  'annual  il.t  has  nr.ntly  .,,,„  killed  by  an  overdose  of 
(•l,iiif(iii)ri,,. 

Contents  of  Abdomen.  0(^1  th,  al,d,.m(i,  l,v  means  of  a 
m.dian  incisu.n  tln-,),i^di  the  skin  and  muscles,  he-lnniii;,'  at  the 
Ml)liistermim,  and  coniimun;,' towards  tho  pelvis. 

Tlu.  cavity  is  lined  with  a  -listening  moist  laver  of 
peritoneum,  which  is  reflected  over  the  viscera,  a"  fin-er 
touchmg  th(-  inner  face  of  the  alxlominal  muscles  touches 
pentoneum;  when  placed  on  the  viscera,  it  touches  a  lavor  of 
peritoneum  coverin-  these.  The  fin-er  is  th..refore  in  the 
penton..al  cavity,  and  is  not  touching'  the  actual  surface  either 
of  the  muscles  or  vise(ra. 

Notice  the  various  portions  of  the  alimcntarv  canal  ■  ceso- 
pha^'us  passinj.  tlmni-h  the  muscular  diaplua"^rni  -stomach 
and  pylorus  U-shaped  duodenal  loop  -small  intestine— lar-e 
sacculated  dark-coloured  caecum  an<l  iion-sacculated  thick- 
walled  appeudi.x— larj,'e  intestine. 

Note  the  diffuse  pancreas,  which  appears  soiiKithiii"  like 
isolated  masses  of  fat,  lyinr;  i„  the  meseiiterv  of  the  duo"]enal 
oop  The  duct  of  th,-  -laml  opens  into  the  distal  portion  of 
the  duo.lenum,  about  three  inches  below  the  bend  of  the  loop. 
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2      A  Ti:XTROOK  01'  FAPERIMENTAr,   PnYSTOLOOY 

The  liver  divided  into  loboR,  with  th.'  -iill-Lliidd.^r  .m  its 
under-side,  lies  just  beneath  the  diaph.a-ni.  Trace  the  hile- 
duct  to  its  entrance  into  the  duodcnmni,  ahout  a  third  of  an 
inch  from  the  pylorus. 

Note  the  portal  vein  carrying  blood  from  the  mtestuie  to 
the  liver,  and  the  hepatic  vein  takin;,'  blood  from  th.^  hvcr  to 
the  inferior   (or  posterior)  vena  cava,  and  thus  to  the   nt,'ht 

auricle  of  the  heart. 

Ecmove  the  intestines,  cutlin-  through  the  mesentery 
containing  blood-vessels  (arteries)  which  supply  these,  and 
veins    (mesenteric)    which     form    the     routs    of     the    portal 

vein 

Open  the  intestine  throuj^hout  its  length  with  scissors. 
Note  that  the  contents  become  more  solid  as  these  pass  towards 

the  rectum.  ,  .,      ,  ,, 

Fxamine  the    ileo-colic    valve   between    the  end   of   small 

intestine  (ileum)  and  lar-e  intestine  (cax'um).     The  junction 

of  the  smr.ller   with    ihc    lai-er   tube  forms   almost   a   rif,'ht 

'"'^Notice  the  reyer's  patches  on  the  vail  of  the  small 
intestine.  These  are  masses  of  lymphoid  tissue,  which  occur 
as  thickened  areas  on  the  inner  mucus  surface  of  the  ileum. 
Thev  occur  opposite  to  the  attachment  of  the  mesentery. 

The  lar^,'e  abdominal  vessels,  kidneys  and  suprannal 
(adrenal)  bodies,  lie  behind  the  peritoninun. 

Notice  the  different  positions  of  the  two  kidneys.  Unnove 
the  fibrous  capsule  of  one  kidney.  Observe  the  single 
nialpi^diiau  pyramid  projecting  into  the  pelvis  of  the  kidney. 
The  ureter  arises  from  the  p(  Ivis. 

The  adrenal  bodies  li(>  on  the  renal  veins. 
Contents  of  the  Thorax.-^Iak.'  a  small  aperture  m  the 
diaphra-m  on  one  side,  and  observe  the  complete  collaps.'  of 
the  lun.'  on  that  side,  due  to  the  elasticity  of  the  lunj,'  substance 
itself  Now  open  the  thorax  by  cuttin-  throu-h  the  ribs  aiul 
removing  a  piece  <.f  the  wall.  Observ..  tlie  ]un!.;s.  Expose  the 
trachea  in  the  neck,  and  inilate  the  luuKs  by  means  of  a  blow- 

^"^' Note  the  position  and  appearance,  of  the  heart,  contained 
in  the  pericardium.  Uemove  this  membrane  and  not^c;  the 
,lifY,..-,.>t  appearance  of  auricles  and  v.ntnrlrs,  and  the 
connection  of  the  chief  blood-vessels  with  the  heart  :— 
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ill  'I'lic  Aortii 

(•2)  Tito  I'liliuonary  Artc'r\ 

(•')  'I'lic  two  Siiiiciior  \'cii;i'  ('mv;i' 

(1)  Tl/c  Inf.  rini-  Vena  Va\ii 

(•"))  Tile  I'liliiiiiiuiry  N'ciris 


ir. iiii  left  vciitriclr 

..  ri-lit 

,.  li^^lit  aiiiicK', 

..  I'ft 


u.nov.  tlH.  luart.     J;yimun.snfa,„j,.u,.  ,n  th.  inf.nor 
.■"^<ava,  pass    wat.i-    thru.,:,!,    tl,n    h,  art.       Try    this    with 
1- l-pctt,.  u.   th,.  aorta.     The  .at.  r  ,!„,.  n„t   .is.     Thn  ,s 
'lii(^  to  thu  anari<,',>i,icnt  of  th,!  valves  ,■[  tlic  heart 

Oi.en  the  cavities  of  tii..  heart  and  exainii,..  the.  valves. 

(1)   Left  auriculo-ventn'cular  valve— mitral. 
(•-')  liieht  aiirieulo-veiitriciiiar  valve-triciisiiid 
(••i)  Semilunar  valves  at    the  orifices  e,f  aorta  aiul  pul- 
monary artery  respcctivcl}-. 

Nerves  of  the  Neck.-Placc  the  carcase  on  its  hack,  cut  off 
tl).ha,rrom  the  front  of  ,he  neck,  and  nioisten  the  .skin  to 
pu'vent  the  haus  flying- ah-ut.     Make  a  .ue.lian  incision  thron-M. 
heskmoftlu:neck,al..ut:H„cl.slon.       Separate  ster.;;. 
n  astot,   fron.  .ternoi,yo.d  nu-Mdes.     The  caroti-l  sheath  is  thus 
■.xposcd,  the  >/rsrcndn,.  „„ni  nerve,  a  branch  of  the  hvpo<dossal 
ly.ng  sup,.rl,c,al  to  it.     L,ft  up  the  carotid,  and  see  //.m^nervc  s 
kZI:;       -^  J— hat  deeper.     The  largest,   white,  nerve 
>-  the  I  agu..      1  he  next  m  stzi',  -rev,  is  th..  sympathetic      The 
sinallest  nerve  ,s  the    .leprr....     Put  a  li,.aure  round    ca 
nerve,  and  e.xamme  the  connections  of  the  depressor  nerve  above 
In  all    these  operations  proceed  as  if  y.,u  were  doin-  an 
-ictualexpornnent.     Do  not  make  a  dissection  of  the  neck 

Accelerator  Nerves.-  -ITolon.  tl>e  skin  incision  to  the"ster- 
mnn     Cut  away  the  msert.on  of  .ternotnastoid,  and  holdine  the 
n  eal  .sytnpathet.c  by  tts  lie.ture,  trace  it  downwards.     At 
tl-l;nu-rpart  of  the    neck  tt  th.cKens  to    form    the   tnfer  o 

■rvtcal  gan,hon.  This  ..ves  o.f  a  .nail  branch,  which  00^" 
uuh  tl  e  depressor  nerve  towards  the  heart.  IJelow,  the  inferior 
erv.ca  ga,,,h„n  is  connected  by  two  strands,  which  p^s  Tn 
nx,nt  onmd  belnnd  the  subclavian  artery,  to  th;  stellati^^.;;: 
l.on  Iheso  strands  are  the  Annnhts  of  Vieussens.  To  trace 
out  the  connections  of  the  stellate  gan-dion,  it  is  oft.n  help 

to   remove    (after   applying   double    lirratu'-eO    M 1 -■  ^ 

artery  and  ven,  and  al.,  the  ..eater  portiJn  of  Ihe  ^^i^"" 
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The  stflldfr  qntKjIion  rrcfivtis  filtii's  liy  tlic  wliitc  niiiii  of 
tlio  vipptr  tliivo  or  four  dorsiil  lu  rvcs,  and  ^ivcs  otl'  ciiniiiic 
branclifs  iiiccclorator),  vortohral  ncrvo,  ami  tlu,'  AiuuiIuh  of 
Vicussons. 

Splanchnic  Nerve.  -  'Iliisis  Ixhtdissoctod  froinlK'liiiid.butis 
easier  to  do  from  tlie  front.  Tut  the  rabbit  in  tlie  prone  pimi- 
tion,  and  make  an  inci>ion,  bidf  an  inch  below  and  iiaraihd 
to  the  last  rill,  down  to  the  muscde.  l{etraet  the  ercetor  s[)iiue, 
and  itu'ise  the  Inmbnr  fascia  close  to  the  spine.  I'lit  in  the 
lin;,'ers,  enlarge  the  opening',  and  lonU  for  the  siiprareiiiil  body. 
I'ull  this  outwards,  and  the  splanchnic  may  i)e  seen  running 
outwards  and  downwards,  as  it  emorf,'es  from  the  crus  of  dia- 
phragm. 

If  the  dissection  fails,  turn  the  rabbit  over,  and  diRScet  tlie 
splanchnic  from  the  front. 

Nervi  Erigentes  (pelvic  nervesV  Make  a  median  inci>ion  in 
the  lowiT  part  of  the  linea  aliia,  to  tlie  bottom  of  (he  symjihysis. 
Cut  throu^'h  the  symphysis,  and  force  tli(^  two  sides  of  the 
pelvis  apart.  Retract  the  peritoneum.  The  jielvic  nerves  will 
be  seen  rumiinj,'  with  th(>  vessels,  frem  the  ujiper  part  of  the 
sacrum  tn  the  side  of  the  rectum.  Tut  a  lif,'aturi!  loosely  round 
the  nerve. 
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MUSCLE 


liATTiatlKS  — (OU.S 


LKSSON    I 

-Kl;VS      i;\( MAlilMlV   (.!•    Mrsci.i; 
AND    NKIiVi; 


Batteries.— 0/Mr/n,//„<,s.— It  is  cusU.inarv  to  use  ,uiuc 
fonu  of  c.H  i,)  pnulufc  ihc  rUxinc  cunvnt  iv(|uiml  f,,r 
rliysiolu-ical  i)iiq.o>,(s.  l',,ur  vaiirtics  of  cell  uro  in  conuuoii 
usi; :  — 

1.  77/f  Lrclancltc  rV//.— This  consists  of  a  i,'l,>rs  jar,  cou- 
taiiiui<,'  a  solution  of  sal-aniiiioiiiai'.     Into  tliis  df  anial<'a- 

mated  rod  of  zinc,  which  is  the  positive  plate.  A  x-u  of  gas 
cufhon  forms  the  negative  plate.  This  is  surrounded  by  per- 
o.xide  of  nian-anese  (MnO,),  which  is  kept  in  contact  with  the 
surface  of  the  carbon  hy  hein<,'  placed  in  a  porous  pot.  In  some 
forms  of  Leclanche  the  manfjanese  an.t  carhon  are  ^,'round 
up  together,  and  pressed  into  a  cylinder  which  surrounds  the 
znic  rod, 

A\hen  the  c.ll  is  uii  open  circuit -that  is,  mIku  the 
termmals  are  not  coiuucied,  and  no  current  is  passing-very 
hltle  action  takes  place;  hut  when  the  circuit  is  closed,  and 
the  current  passes,  the  zinc  dissoKvs  in  the  .,al-annaoniac 
fornung  a  double  chloride  of  zinc  and  ammonia,  while  auanonia 
gas  and  hydrogen  are  liberated  at  the  carbon  pole.  The 
nascent  hydrogen  reduces  the  pero.xide  of  manganese  and  so 
polarisation  ,s  prevented.  On  account  of  its  great  solubility 
m  water  the  ammonia  has  no  polarising  action. 

The  Leclanche  is  a  convenient  form  of  cell,  as  wlieii  once 
set  up  It  requires  a  minimum  of  attinti(jn.  If  it  is  worke,] 
througn  a,  ..ons.derable  reKi.t.ncc  it  uill  k..p  iu  onur  for  some 
tune,  particularly  if  the  work  is  intermittent ;   but  if  it  is  used 


^i#iiSt^-J,{C':^S!#^j 
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Willi  u  siiKill  n.sNluliiT  III  (Ill-nil  II  |i.laii^is  Vciv  lajijilly, 
'I'll.'   iv.M.I''.  i.r  one    l-(<-l,iliil:,'    c.  II    1,    I    I    \(ills  III  III,    .Mrniiil 

circuit.  'I'lir  iidsitivf  ciirn  111  is  onv.  ntii.n  illy  sud  t,.  iim 
from  llii' zinc  to  Ih.'  I'liihon  m  ihr  tell,  uiul  from  tlu.  tiiilion 
to  tlu' zinc  ill  thf  circnil  oiit-nlr.  'i'hr  wiiv  Mitnrli,  ,|  t,,  (||,. 
nirlioll  is  tlui  i>iisitir,'  p,,l,\  thill  tn  till'  ziMi'  tln'  ih  i/nta-r  jn.',  . 

•-'.  /'/•//  rrlls  ,uv  llsiiully  I  irclnili'lir  I'.ljs,  m  \\|,i.li  tile  sn|||. 
tioii  of  sul-iimiiioiiiiic  is  pn  siiiii'.l  from  -iMlliii;.;  h\  ahsoi|iiioii 
with  s.iwihisl  or  plasirr  of  I'ans.  'i'lu'  |;.M.F.  i>  tlif  siuiu'  as 
tlic  Ii(  liaiicln',  lull  tiny  polarise  mmli  moiT  readilv. 

■'!.  Danii-U's  C-U, —  I'lijy  l•,l^^,i^ts  of  a  vcsstl  of  coppiT,  roii- 
tainiii;,'  a  saltiratid  solution  of  topper  sulpliale.  In  tliis  is 
lilaieil  a  poi-ous  pMt,  wliicli  contains  .liJute  sulplmric  aeiil 
(I  ill  ](!>,  or  a  solulioii  of  zinc  sulpliale,  and  into  tJiiN  dips  a 
rod  i.f  amalgamated  zinc.  Wlieii  the  zinc  ae.d  copper  .arc 
connected  iiy  a  wire,  .he  pM>iiiv,.  eurrent  llou  aloii-  this  Iroiii 
the  coji|ier  to  the  /ine.  the  latter  imtal  dis„.lviii-  in  the 
.>uli)liiiric  acid,  and  inelallic  copp,  r  heiiiL;  deposited  iPii  the 
cojiper  vessel.  The  -Miluiinii  of  the  zinc  take^  place  according.; 
to  the  eijuation 

/n  hll  S(),  =  /nS(),  +  II, 

and  the  hydrou'cii  eoi  rid  of  jjy  the  deposiii. in  of  the  copper, 
aci  oidin^'  to  the  cjiiation 

Il,+  C'iiS(),  =  ll_S(),-(-Cii 

so  llnit  the  complete  cliaii;,'es  lakiii;,'  i)lai-e  duriiie  activity  can 
he  n  |>rcsenled  as 

Zn4  ('uS')^=rZMSO,  +  Cu 

The  po-uive  cUirelil  ll,.u-,  fr..m  the  zinc  to  the  C'pper  inside 
tlie  cell,  from  the  copper  to  the  Zllic  outside  the  cell.  The 
I  ud  of  the  wire  i-oniiected  with  the  zinc  is  therefore  the 
iie^'ative  pole  of  the   haltd'y,  that  connected   with   the  copper 

tllC    positive    p,jle.       The    V.M.V .    of    the    C(  11    mad.'    lip    as   jusl 

staled  is  IJT.s  volts. 

These  cells  polarise  miieii  less  readily  than  a  l.(  clanvhc, 
and  consei;ueiitly  are  a  much  more  constant  source  of  J-;.M,K., 
but  they  are  more  troublesome  to  kei      in  ordi  r. 

I.  .Icniiiiiilaturs.  The  ordinary  form  of  accumulator  con- 
sist.-, of  a  vessel  contaiiiiii;:  dilute  sulphuric  acid,  into  which 
dip  tvvii  lead  plales.      In    the   discliareed   condiliou  both  plates 
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lui'  iutnl  oil  hy  llu-  lui.l.  uiid  arc  lai';^.  ly  rniivcrti<l  inln  I'l.SO,. 
Wlirii  nil  cltclru:  (uniiil  i-,  sent  i,iniii;^li  tin:  iil|,  tlif  [>Ulr  l)y 
wliich  the  (Minviit  ( iitcis,  iIk  t(ii,,iU\  I'vcouuh  uxi.lisoil  t>)  I'IjO  , 
iiccnnlin^'  to  tile  1  (luatiiiii 

I'liSO,  +  211. ()  +  SO,  ^  l'l.( )  +  HI  +  JSC », 


The  |ilalc   l)y  wliicli   the  ciiiioiil  liavis  llu;  cvU,  IIk 
lucoiius  rcihiicd  I, r  iiutallic  lead   - 

I'l,S(),+  If  .=  I'1j  +  -JH  +  S(), 


hdlhiidc, 


III  this  state  ilic  acciiiimlator  is  "^aiil  u<  l)c  '  I'liar^^cd.' 
As  the  ((iiialioiis  just  eivcii  aiv  ivseisihle.  it  follows  that, 
win  11  the  i)latrs  arc  cHjuutjctiil  to;;ttluT,  the  acL-iiiiuilali>r  acts 
as  11  halt.  ry.  The  [.late  coatol  with  i'h  ih)\v  h.cdiues  the 
anode,  that  coated  with  I'hO  the  kathode,  and  the  jiositivi' 
curieiit  Hows  uiltMde  the  cell  Irolii  I'h  to  ri.()_,  until  hntli 
[dates  are  a^'aiii  eliaii^'ed  to  i'hSO,. 

The  ll.'^I.l''.  (.[  an  accumiilatoi'  is  -li)  volts  during'  the 
j,'ivatei-  jiau  .  its  dischar;,'e.  The  internal  resistance  is  low, 
and  a  well-i.  .<le  accumulator  can  yield  a  very  heavy  current ; 
Init  all  accumulitors  r<  .juire  constant  attention,  and,  as  a  rule, 
accidental  short-circuiting  hucklcH  the  plates,  and  renders  the 
cell  useless.  The  student  must  therefore  take  particular  care 
nut  to  connect  the  two  terminal.-,  of  an  accumulator,  unle>s 
there  is  sullicieiit  resistance  in  the  circuit  to  avoid  this 
accident. 

Induction  Coils.  It  is  often  necessary  for  physioloj^ical 
[.urposes  to  use  an  .  lectric  eurivnt  of  a  hi-,'!!  potential,  and 
apply  this  at  a  given  moineiu  of  tinn'.  Jiotli  the^e  ends  can  he 
attained  by  the  use  of  an  induction  coil.  The  form  in  universal 
use  is  the  inodiliciuion  of  liuhmkorfi's,  devised  by  i)u  J'.ois 
Keymoiul.  This  consists  of  a  primary  coil,  comp.'-M'd  of  com- 
paratively few  turns  of  thick  wire,  and  a  secondary  coil  of 
many  turns  of  line  wire.  A  current  .f  low  K.M.K.,  taken  from 
one  of  the  cells  ju-,1  described,  is  sent  through  the  primary  coil ; 
while  this  current  is  flowing  si-.adily,  no  eti'ect  is  pro<lu"ced  in 
the  .secondary  ci.il,  but  at  the  moment  of  make,  aiul  again  at 
the  moment  of  break,  a  current  is  in<liiriil  in  the  secondarv, 
the  current  at  make    being    in    the    reverse  direction  to  that 

of  the  luimarv.  and  tln'  cnrr.iit  mi    lir....lr  l>(.i.,>r  ;,,  .i 

direction. 
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)f   the    induced   current 


With    11    <,'iwn   coil    tlic    K.M.F 
deprtids  oi;  thiic  factnrs: 

(1)  Tlie  Htrongtli  of  the  magnetic  field  produced  hy  the 
prinuay.  This  can  he  varied  («)  hy  altering,'  the  K.M.F.  of  the 
primary  current,  (/;)  hy  concentratni','  the  lincis  of  force  hy 
a  con;  of  soft  iron  wires. 

(■2)  Thi;  nuniher  of  lines  of  forci;  cut  hy  the  secondary. 
This  will  de[(end  on  (u)  tiie  nuniher  of  turns  of  wire  in  the 
secondary,  (h)  its  position.     If  tlie  .secondary  is  moved  away 

from  the  primary,  or 
inclined  at  an  angle 
to  it,  fewer  lines  are 
cut,  and  th(>  Iv^M.F. 
is  diminished.  The 
current  in  tlw  second- 
ary coil  varies  ajipioxi- 
niately  as  the  siiuiire 
of  the  distance  from 
the  primary,  and  the 
cosine  of  the  aiif^de  of 
inclination  to  it. 

(••()  'i'he  rate  at 
which  tlie  lines  of 
force  are  cut.  The 
only  variant  tiiat  need 
lie  considered  is  the 
rate  of  ciianj,'e  in 
stren,L;ili  of  the  prim- 
ary eurr.  iit.  If  this 
eiian^c's  .sluwly,  the 
I'.. M.I-',  of  tii<:  second- 


Ti'^.    I.     Nccl's  liaiiiiii.  r.     Tlio  ciimnl   i- 
Ilia  ir  aiiil  bii.kc  11  at  ihe  iiiiiiu  mark.  .1  *. 


1  lie  less  than  it  it  chan^vs  rapidly. 

is    oftt'ii   necessary   to   us,-   a   rapid   series   oi  induetioii 


ai  y  w 
It 

shocks,  and  for  this  purpo.se  the  priiiKTv  eiieuit  is  made  and 
hr(}i.;en  l.y  an  automatic  devici-,  kiKjwn  as  Neefs  liamtner. 

Tile  jiatlery  current,  on  its  way  to  the  piiniary  cod,  passes 
tlirou^^h  a  spring,  and  a  screw  which  is  in  contact  wuli  its  upper 
surface.  Aftor  traversing  the  primary  e..il,  the  cunviit  exeili  s 
a  small  elertro-magiict,  tiie  polrs  of  which  lie  just  iielow  a  soft 
mm  armature,  attached  to  the  free  eml  of  the  spring,  ^\'hen 
-■•      <■■■'■. i\   (.!!!(,.,    Tv,r.-,-.  :,    f.-,(.-iii- ,    ;iic  (  icciro-lu.i-lut,   aiui 


P:!-:-, 


COILS 


(h-aws  down  the  iiniiatiin',  tlms  lunviii^^  tlic  spring;  out  of 
coiilacl  witli  the  hcivw,  and  thus  Livakiii-  the  primary  circuit 
at  this  point.  The  lottery  lurrcnt  tlicreforc  ceases,  and  tlie 
(■lectr()-iuaf,'n(t  is  no  lon^^cr  excited,  l\u:  sprin;,'  th'es  back  hy  its 
own  elasticity,  and  once  mure  makes  contact  witli  tfie  screw, 
the  l)atlery  current  again  passes  and  exciti's  tlu'  magnet  as 
Ijcf.ire,  Contact  is  thus  mad.'  an.!  hroken  at  a  rate  determined 
by  tile  vibration  period  of  the  spring. 

In    order    to    (hmini^h   tiie    dill'iivnce    of   intensity    of    the 
induced   current  at   njake  and   break,   the   device   invented  by 
Hehiiholtz  and   called 
the  '  Side  \Vire  '  may 
be     used.     This    con- 
sists of  a  wire  so  placed 
as  to  cniuiect  the  bat- 
tery with  the  primary 
coil,  when  the  spring 
is  out  of  contact  with 
the    scrt'W,    which     is 
moved      up      out      of 
reacli    of    the    spring 
altogether.        Another 
screw,   situated  below 
the  spring,  is  elevated 
until  it  njakes  contact 
with  the  spring  when 
the    armature    is    at- 
tracted to  the  magnet. 
This    contact     is     ;u- 
ninged   ill  ;i  short   eii- 
euit,    which    cuts    (Hit 
l)oth   i)riniary  coil  and 
electro-ma^^iU't.      The 
magnet  becomes  so  u.ak  that   th(>   armature  flies  back,  breaks 
the  sliort  circuit,  and  the  current  now  once  more  passes  through 
the  king  circuit  /■/»  the  piinuiry  eaul  and  magnet.     With  this 
arrangement  the  primary  circuit  is  never  brokm,  only   short- 
cn-cuiled,  sn  that  s,,me  current  alwavs  passes  through"  it,  this 
current  b,-ing  weakened  and  strengthened   by   the  making  and 
breaking  of  contact  by  the  Neefs  hammer, 

i^olh  make  and  break  e.xtra  currents  are   thus  produced  in 


llcliiiliult/  si.li   uirr  ml.     Thp  curient  is 
-linii-eiivuit.  ,|  al  till'  iKiiui  iiiarki-.l   *. 
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tlic  priinaiy  coil,  and  tlie  uuikc!  and  bnak  induced  currents  in 
tlie  secondiirv  coil  are  tlieret"    ■  both  proportionately  weaker. 

Keys. — The  key  is  a  device  for  niakinf,'  or  breaking'  an 
el(>ctric  current.  Three  patterns  only  need  to  be  described  : 
(1)  Da  liois  Koyniond's;  (•_>)  The  M.rcury  key;  (8)  The 
Spring'  key. 

CI)  Du  JJuis  hii/moiurs  A'. //.—  On  an  insulating'  base  are 
placed  two  bindinj,'  screws  with  smooth  brass  faces.  Attached 
to  a  vulcanite  handle  is  a  third  piece  of  brass,  which  is  mounted 
on  a  binge,  and  arranged  so  that  wlun  it  is  depressed  it  forms 
a  metallic  bridge  between  the  two  liiiiding  screws,  so  com- 
pleting the  circuit. 

(•2)  The  Mcrcunj  A'<7/.— This  differs  only  in  detail  from  tin; 
pr(>ceding.  One  binding  screw  is  attached  to  the  brass  or 
(■opper  key,  the  nther  is  coimeetiMi  with   a   little  mercury  pool  ; 


I'l'..  :i.     Thi-  Kiy  k,  ',-  iiseil  to  optii  aii.l  clo.so  tin  circuit  lliroUKli  tlie  priiiiai-y 
ii'il,  r.     Thij  key  k_.  .-liuit-fiiciiil-  the  cuiriiit  from  tliu  si I'Diuliii'v  coil,  s. 


when  the  key  is  depressed  it  dips  into  the  pool  and  completes 
the  circuit. 

(3)  Tin-  Spriiiij  Kcj/.-lu  this  form  the  brass  connecting 
piece  is  made  to  form  a  lint  spring.  When  depressed  by  the 
/inger  this  makes  contac't  with  two  platimun  points  (preferably 
with  two  platinum  cross  wires;.  AN'hen  released  the  spring 
breaks  the  circuit. 

All  tl:.  SI-  keys  can  b(;  iistd  in  one  of  two  Wiiys  : 

('J)   Simply  to  make  and  break  a  circuit,  as  in  k,  in  Fig.  :i. 

(I>)  A-  ;i  short-circuiting  key,  k_.  in  b'ig.  :).  This  Us,!  of  the 
key  depriids  on  liie  la-v,  that  wh.n  a  ciicuil  is  divided  the 
amount  of  current  in  the  tuo  portions  is  inversely  proportional 
U)  thiir  resistance.  In  most  physiological  experiments  the 
resistance  in  the  electrndo  circuit  (.\  in  l-'ig.  :\)  is  to  be 
ni'-asured  in  tens  of  tiiousands  of  ohms,  while  the  resistance  of 
tne  iu,y  il^cif  is  kss   thau  alt   I'inii.     Tiie  fraction   of  current 
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inissins  tlirou-;!!  x  will   thcivforc  he  .„,  Mjirill   that  it  c-aii  \,r 
uo','locte(l. 

Commutators.  -These  inbtnimcuts  aiv  usnl  for  two  ditl'c- 
iciit  yiirpcjsi'w  : 

{(()  Altcrin-  thi:  direction  of  a  ciineut  ; 
(h)  Sending'  a  current  tlirougli  one  oi  two  circuits  :  for 
example,  eitlier  through  a  nerve  or  muscle. 

(a)  The  simplest  form  of  apparatus  for  altering  the  direc- 
tion of  a  current  is  tlie  circular  commutator  of  Waller  (Fig.  4). 
This  consists  of  two  semicircular  pieces  of  brass,  with  a  trans- 
verse piece  of  ebonite  crossing  them.  The  ends  of  tlie  ebonite 
have  two  metal  contacts, 
wliich  connect  with  the 
brass  strip  below,  and 
with  the  binding  screws 
on  tlie  top  of  the  ebonite 
above.  When  the  eJjoniic 
strip  is  rotated  the  con- 
tacts with  the  strips 
below  are  reversed,  and 
the  current  of  the  upper 
screws  is  changed  in 
direction.  Gotch's  modi- 
fication of  this  has  an 
intermediate  piece  of 
brass  between  the  inside 

pieces,  but  otherwise  is  constructed  on  the  same  principle, 
using  cither  form  of  conmuitator  the  student  must  see  that 
the  contacts  are  clean  and  l)nght. 

(//)  To  Send  a  current  into  one  of  two  circuits  either  a 
doul.'.'  key  can  ])e  used  (Fig.  '>)  or  two  single  ke^-s  arrange d  on 
a  swuchboard  (Fig.  (i).  Tlie  latter  is  the  better  method,  as  the 
cu-cuit  not  in  use  is  guarded  by  the  second  short-circuit  key. 

I'ohl's  conmuitator  can  be  used  for  either  purpose.  It 
consists  of  an  elionite  base  with  mx  mercury  [ools.  A  rocking 
arm  dips  into  the  two  centre  pool-,  and  connects  these  with 
one  or  other  of  the  end  pair  of  pool',  so  reproducmg  the 
arrangement  in  the  double  key  (Fi-,  '>). 

i'o  alter  the  direction  of  a  circuit  with  the  I'obl  commutator 
two   cross  wires  are  used,  insulated   from  I'aeli  otlier,  which 


+  1  I- 

Wiillti's  commutator. 


In 


12     A  TEXTBOOK  OF  EXPERIMENTAL  PHYSIOLOGY 


|r  I 


connect  the  two  eonier  pools  (liii>,'()nally  across  the  base 
(K  with  1),  c  witli  I').  The  battery  is  connected  to  the  centre 
pools  (A  and  n)  as  befoie,  and  tiie  preparation  (n)  with  one 
pair  of  the  iiid  pools;  the  direction  of  the  circuit  is  altered 
when  the  rockinj,'  arm  is  moved  across. 

Figs.  7  and  H  represent  the  commutator  in  its  two  positions. 
Ejjicri»uiif.'<.—Hi.'.t  up  the  circuit  as  shown  in  Fij,'.  H,  and 
verify  the  aljove  statements,  placing  the  electrodes  N  on  the 
tongue.     The  student  will  find— keeping  the  key  k,,  open  — 

(1)  That  in  making  or  breaking  the  prinuiry  circuit  at  k,, 
the  '  make  '  shock  is  weaker  than  the  '  l)reak  ' ; 

(■2)  That  both  shocks  become 
stronger  as  the  .secondary  ct)il  s 
approaches  the  priinary,  i". 

When  the  key  k,  is  closed  the 
secondary  eircuit  is  shoi  t-circuited, 
and  neither  make  nor  lueak  slioeks  will 
be  felt. 


Fio.  .').- Double   key.      Tlie   curiLiit    pa^-f.   .iilier 
to  N,  as  sliown,  or  tu  si.  where  tlit  kcv  is  reversed. 


I'm  0. — Two  single  keys 
arrangeil  us  a  switeii- 
boaril.  Current  pas^e.s 
to  .V,  anil  51  i.s  sliort- 
eireuited.  On  ojienin;,' 
K..  :inil  cliisink'  K,,  the 
current  pus.ses  to  3i. 


The  student  will  note  that  he  must  not  use  a  key  in  the 
primary  circuit  to  short-circuit  an  accumulator  or  Lcclancho 
cell,  as  the  resistance  would  be  so  small  that  thi' acciunulator 
woidd  be  immediatidy  discharged.  He  also  should  not  us.'  a 
simple  opening  and  closing  key  in  the  secondary  circuit  of  an 
induction  coil,  as  the  K.M.F.  of  the  current  is  s( Thigh  thai,  as  a 
rule,  sulhcient  current  escupe  will  take  place  to  excite  the  ti.^sue, 
even  when  tni;  key  is  open.  Set  up  thu  circuit  as  slu}\  ;i  in 
I'igs.  -land  7.  Test  the  terminals  with  pole-ti'sting  paprr,  aiul 
note  the  alteration  in  the  direction  of  the  curroiit,  ;is  thi^  eom- 
mulator  is  reversed,  or  the  i'ohl  rocker  moved  across. 


m^f'-^m. 


THE  GASTROCNEMIUSSCIATIC   PREPARATION       13 

The   Gastrocnemius-Sciatic   Preparation.— Take    a    frn^' 
which  lias  liccii  pithed,  and  make  a  circular  incision  tlirou"h 


!■  iii.  7.      I'olil'-  I'diiHiiiilalH  ,  wilh  .1  cs.wiiv^  in.     CiU'reiU  i-  ;i  ilr^crncliii;,'  one 

lllilJllJl   till-   IIIIVC,    N 


lui.  >*.— I'olilV  cdiiimutalor.  wiili  rni^-.win.s  in,  second  position.     Current 
is  leverseil  in  direction  tluoUuli  the  ner\e.  .\. 


tlu'  skin  ri^'ht  round  the  animal,  a  litth:)  hclow  tlie  (>nsifiirni 
cartila<,'u.  Ilohl  liie  fovi  Icus  of  tlic  h-nn  finnKv  oud  puJ!  d^nvu 
tlie  trousers  of  skin  thus  formed.     The  skin  will  separate  (]uite 
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easily  aiul  leave  all  the  muscles  exposed.  With  the  fiiif,'eta 
fjcntly  separate  the  hamstring'  muscles,  so  as  to  show  the 
sciatic  nerve  lyinj:;  between  them. 

Next  snip  throu<,'h  tlie  tendo  Achillis  and  gently  separate 
the  gastrocnemius  up  to  its  origin  from  the  femur.  Transfix 
the  sesamoid  cartilage  of  the  tendo  Achillis  with  a  bent  pin  to 
which  a  line  thread  has  been  attached.  If  preferred,  the  thread 
can  be  tied  round  the  tendo  Achillis  directly,  ^foisten  the 
muscle  with  normal  salt  solution  (0-()  per  cent.  NaCl  in  tap 
wat'  r)  and  proceed  to  dissect  out  tlu--  sciatic  nerve. 

'J'his  is  most  easily  accomplished  from  the  back.     Gently 
raise  up  the  urostyle,  and  free  it  from  the  muscles  attached, 
cutting  close  to  the  bone.     Cut  through  the  urostyle  close  to 
its  origin.     Next  pass  the  blade  of  the  scissors  close  to  the 
innominate  bones,  and  cut  upwards,  continuing  the  cut  so  as 
to  free  the  last  two  or  three  vertebrae  on  either  side.     Next 
imss  one  blade  of  the  scissors  exactly  in  the  middle  line  under 
the   ver^eliral    column,   and   divide    tlie    last    three    vertebra' 
laterally ;  finally  isolate  these  with  a  transverse  cut.     If  the 
piece  of  bone  thus  isolated  be  gently  lifte<l  up,  it  will  carry  witli 
it  the  sciatic   nerve.     Free  this  nervi:  from  the  muscles  and 
fascia  which  surround  it,  taking  particular  pains  not  to  pull  the 
nerve,  or  touch  it  with  forceps ;  isolate  the  nerve  right  down 
to  the  knee,  lay  it  down  on  the  gastncnt-mius,  and  moisten  it 
with  salt  solution.'     Next  cut  through  the  tii)ia,  just  below  the 
knee,  free  the  fenuu-  from  the  hamstring  muscles  and  cut  it 
through  about  the  middle. 

As  an  alternative  method,  when  the  frog  has  l)een  pithed, 
hold  the  legs  firndy,  cut  through  the  anterior  abdominal 
muscle,  let  the  viscera  fall  forwards,  and  divide  the  .spiiuil 
column  above  the  urostyle.  Pull  off  the  skin  as  before.  This 
leaves  the  sacrum  with  the  lower  linihs  attached,  which  can  be 
prepared  as  just  stated. 

The  Crank  Myog-raph.— The  muscle-nerve  preparation 
should  then  be  plac.d  on  the  crank  myograph  (Fig.  '.)).  This 
has  an  axis,  a,  abnut  •"■)  mm.  in  diameter,  bt  aring  a  slmrt  arm,  M, 
to  which  the  iiiuscl,'  is  attached  by  a  thread,  whieii  is  wound 


'  'i'lu'  whole  of  tliis  ilis-cetion  -honld  ln>  ili.iic  with  a  piiir  o.'  sharp  ^cissnix. 
.Vevcr   toas<'   nut   i\  nerve  witli  a  pcalpel  ii^  In   tin-  ili>-.  etiu;,'  ronm.     The  nerve 

liin-l    ii'Ver  bo  lllken  I'.'.'M    ■.■'.    wit!!    !!■:     ';!'.;■,  r.,    :::■,.!    ::'.'.     '■.,-■•;". 


iiiiuecejsary  iiiiuiipuliitioii  ^liuulil  he  avoided  us  far  a-  pt,.-aible. 


III'.-  tivi  \  e 


THE  (;RANK   MYOClRAni 


V) 


round  twn  or  tlirco  times  aiiil  fiistciipd  with  niodi'lliiifj-Wiix. 
Tli(!  loiif,'  aim  JK'ius  ii  writing-point,  r.  A  third  arm,  t,  rests 
af,'ainst  a  sercw  stop,  s,  so  tiiat  tlic  wei<,dit,  w,  is  supported  as 
an    after-load,  beinf,'   raised  as  soon  as  the  muscle  l>ej,'ins  to 
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contract.  The  nnisrle,  m,.  is  pinned  throuf^h  tlie  li-ani(Mits 
of  the  knee  joint  to  a  rmk  ..n  the  frno-.hoard. 

The  weii^ht  is  huni^'  hy  a  thnad  on  to  tlie  small  pin  on  the 
axle,  so  as  to  l)e  as  near  tin-  axis  of  revolution  as  ^„;ssi])le. 

Excitability  of  Muscle  and  Nerve.  —  (/.-!  Connect  {]■■<■ 
electrodes   on  the    crank  niy(if,'ra))h  with  the  wires   from  the 
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sccoiKlnry  coil  as  in  Fi^'.  H.  I'laco  the  s.coiidary  coil  at  siicli 
a  distance  that  both  iniikc  iunl  lin  ak  sliocks  are  distinctly  felt 
on  the  tongue.  Hy  opening'  the  key  k^  and  closing  K,,  send 
the  induction  shocks  through  (1)  the  nerv(>.  ^•2)  the  muscle; 
note  that  the  nuiscle  contracts  in  hoth  cases.  A  muscle  can 
therefore  be  stinmlated  either  (i)  indirectly  thmugli  the  nerve, 
or  (ii)  directly  by  an  <'xciting  shock  apjilied  to  itself.  Record 
hoth  contractions  on  a  stationary  di  urn. 

(b)  Open  K,  and  close  k,  so  a^  to  excite  the  nerve.  Pull 
out  the  .secondary  coil  so  that  break  sho(d\s  are  no  longer 
etTcctivc.  Then  j^radualiy  pusli  tiie  coil  back  again,  and  test 
the  make  and  br(>ak  shocks  separately.  With  most  coils  it 
will  be  found 

(1)  That  the  break  shock  is  elTective  at  a  greater  distance 
from  the  primary  than  the  make.  Itecord  each  contraction  on 
a  stationary  drum,  marking  tli(>  di-t,ince  of  the  secoiulary  in 
millimetres  underneath  the  record  of  each  contraction. 

Notice  (•!)  the  height  of  the  contraction.  it  increases 
gradually  from  a  mini.r.um  to  a  maximum,  and  then  remains 
at  the  latter  height,  even  if  the  secondary  coil  is  pushed  right 
over  the  primary.  St.iated  nui^clt!  can  therefore,  within 
certain  limits,  give  a  gi.uluated  rosponse  to  a  graduated 
stiuudus.  This  is  probably  du.;  to  the  incieasi'  in  the  mimber 
of  fibres  contracting  when  the  .siiock  is  increased,  not  to  an 
increase  in  the  hi'ight  of  the  contr;u'tion  of  each  fibre.' 

'  tii'tch  iiiid  Keith  Liica.-. 
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IJiSSOX     II 

siMn.i;   Misi  i.r.    i  \vit(  ii_r.  \-m;m'  n;i;ini, 

criiAIil    AM)    VriiATlMM-: 


Simple  Muscle  Twitch. 


■  \i    I  In\    oi.- 


^I'l  up  aiKitiicr  uastmciu'iiiiii^- 
sciatif  iiivpar.iti(^n  (.11  a  cnuik  niyo^'nipli,  as  in  I.rs.oii  I. 
AmuiL;.-  thr  rotation  of  tlio  drum  s.>  t.uit  the-  siuoki'd  p:ip,<r 
passfs  th,.  \vi-itiiif,'-point.  ,>{  tli(^  Iwv  at  tlu^  rate  ,,[  2(1  cm. 
piT  s.  rn,,,!.  With  th,,  ..nlinan  si/,.  ,,f  drum,  whwh  is  :.()  cm. 
"1  cm-imf,.ivnr,',  the  wlioh-  drum  will  tlicn  i-,,tatc  nuro 
v\  -i-:.  s,  CMuds.  Arr.-m^v  tho  oin-uit  frnin  tli.'  srn  .iidary  coil 
as  l)efoiv.  and  (dnse  tlio  shoit-circuitiii.L,'  iu'V.  Introdu.r  the 
di-uiu  into  thr  primary  circuit,  so  tlial  tlic  current  only  passes 
when  the  hnisssprin-  on  tlie  axle  of  the  drum  is  in'conta.'t 
with  tile  nisidalcd  pointed  pin  of  !)rass  on  tlie  staixl,  to  \\hieli 
the  l)attery  wire  is  attaelied,  and  plac  the  secondarv  coil  so 
lar  from  the  primary  that  l)reak  only  is  effective,  kv  tliat 
th...  join  in  th,.  paper  is  at  tin- oppoMtV  sid,.  01  the  ,lrum  fn.m 
th,.  wntm--point,  wh,n  this  happ,  „s.  C'los,.  k,  an,l  .Iraw 
a  hase  jm,.  hy  allowm-  th,'  ,lrum  to  n.tat,.  with,)ul  stinuilatiu"- 
th,.  II, -rv,.  ( l-'i-.  lOt, 

To  re,  ,.rd  a  sinol,.  twit.di.  ^  1 )  S.-e  that  the  >h,)rt-cir,.uiiin.' 
k.'V  IS  c!os,.,l.  ,2)  Ch.se  th,.  k,.y  k,  in  the  j  rimarv  circuit" 
*■"  ^'^"''  I'"'  '''-""i.  (  li  <  »p'  I'  the  slmrt-circuitin-  k,;v  k,  A> 
soon  as  th,.  muM-1,-  lia>  ,.,nUra,-t,d,  close  k,  a-ain"n.d'  st.m  th,. 
drum. 

To  compk.t,.  the  record  it  is  n, .  ssarv  to  time  th,-  tracin" 
l),v  mi.;ins  of  a  cliron,K',apli.  TIk-  simph^st  f,.rm  is  a  hn-e 
tunme.f„i.k,  ^vith  a  vihration  p,.ri,id  of  lOQ  p.i  m.c  ,  mount,",! 
ina.-on\ement  handle,  and  pn.vi,l,.d  with  a  wiitin-point  on 
one  of  us  proMu..  [t  is  pnt  into  vi!,rati,.p.  by  striking  it,  and 
the:  viliratm-  p,,iiu  l^  tlien  place,!  against  th,.  revolvin""  ,'lrum 
iiumcduitely  helow  the  tracing  of  tlic  twitch  ;  tlic  ui.dulati,.ns 


liTK- 
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thus  traced  rcprosont  cadi  ,,', ,,tli  sec.  A  more  accuriitc 
iiii'tliod  is  to  iMiijiloy  an  cltctnCiilly  opcnitcd  tiiiiiiiu'foik, 
coiiiit'cti'd  with  iiii  clcctio-maf^'iu'tic  signal  wiiich  vihratcs 
synchronously  w  itli  the  fork.  This  can  lie  convcnicntlv 
arranu'cil  to  rccunl  tlic  tinu;  Iracin;^  simultaneously  with  tlic 
niu>clc  twitch. 

Latent  Period.     'I'o  ascertain  the  iati-nt  jicriod,  /.«'.  tlu^tinie 
tliat  has  ila[isril  in  tween  the  stimulation  of  the   nerve  and  the 


i 


Vh..   I'l.       t'lli'iut    fill    lllll'  III-  two    twitclli-:.       TllO    -|irinL'>    -,    mul    >     jll^t    tnllrll    lllr 

tri"jii'  r  when  tin;  ilruiii  icvolvis,  .■-o  iiioiiieutiuil.v  iiukin^'  tlii'  cin  nil  llnonjli 
till   iniinuiy  (-uil  r. 


Iir>t  visil)]!'  contraction,  it  is  necessary  to  mark  the  lime  at 
wliich  the  induction  shock  i>  applied  to  the  nerve.  Close  k.,, 
o]>en  K,,  and  jiriii;,'  the;  drum  round  slowly  liy  hand  until  it 
j'u^t  la'caks  contact  :  the  muscle  will  a^'ain  contract,  and  write 
a  slraieht  line  on  the  ni'arly  ^tationai'v  drum. 

I'ndiT  the  ciinditioiis  of  experiment  the  latent  period  will 
he  ahout  OUl  sec.  'i'liis  is  coinnoiindeil  of  iit  jiasl  three 
separate  factors,  which  are  apjiro.ximately  as  fallows:  — 


It 
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Sm'mII.I, 

ll>    'I'lic   !ili|i'    liilu-ll    til    llMVi'l'^r  :;  ciil^.  (if 

'lll'^'' UIMII 

I'-'l   Tnit'  iiiiimIc  liiliiiiv    .  .  .0  0():{,", 

(■')    Sin  telling'    liliCniitlMrtcil     |i;irl.i|     lihiv 

aiui  iiVciT.iiiiiii-  ill.  rtiii  of  ,i|.[i.iratii>     OOO.Vi 

OOIUO 

Sillily    llu'     wlinlr     curve,     Hlhl      IlK-l^mv     tllr     Icll-tll    (if    the 

liirioil  dl'  ciintiMriii.u,  iiiiii  tlic  iicriiid  ,,[  ri!;i\iiijiiii.  If  tin. 
pivpjinitinii  has  lircii  skilfully  [Mil  iiji,  tlirsc  will  (iccuiiy 
Mliin-nNiniiitdy  ill,-  s.iiiir  iiiiic  - ali< Hit  OOti  wrcmiil.  ^fi  iisun; 
the  liciLilit  pf  the  curvi' ;  thi>  will  j^ivc  th.'  triK-  slidrtciiiiiL,' of 
till"  iiiii-M'lc  when   niultiplii-il   hy  tin    factor    '' ,  wliciv  <;■  equals 

lciiL;tl'  .f  ilic  diori  aim  of  the  cimuK-,  nica-urcil  from  iIk;  [loint 
\\i.'  o  !!:•'  tlih  nl  is  altachcil,  to  the  c.  iilrc  of  tlic  axle,  ami  [. 
ci|uals  the  length  fioiii  the  centre  of  ax|,.  to  the  writ iiiu'-poiiit. 
Measure  hoth  tln-e  leii-ths  ami  calculate  the  trUe  heieht. 

Iftiiewcieht  which  the  lunscle  has  liftoil  has  hceii  sus- 
peinleil  rmiinl  the  axle,  as  recoiniiieiideil  ill  Lesson  I.,  the  tension 
on  the  muscle  will  have  heeii  nearly  constant  tliroimhoiit  the 
contraction;  hence  this  way  of  ivcordiiie  the  muscle  twitch  is 
called  the  i<!iitiiiii<'  method. 

It  a  muscle  is  prevented  from  shorteiiine  and  the  chaiif,'rs 
111  tension  recorded,  an  ismii,  trir  curve  is  ohtaiiuid. 

Action  of  CurarL-l'sc  a  hyo-lossus-hypo-lossal  prepara- 
tion ol.taiiied  as  follows  :  — 

Ueiiiove  the  skill  froi..  the  thmat,  and  remove  the  sterimm, 
snipping,'  throuj,di  the  shoulder  ^'irdle  on  ,  ach  side,  and  severing' 
the  sternniii  from  the  hyoid  hmie.  The  liypo;,d..ssal  nerve  will 
he  seen  at  ih.'  level  of  the  foiv  linih,  passiiiL,'  inwards  towards 
the  middl,;  line,  an. I  then  upwards  to  supply  tht;  toneu<i 
muscles.  Tie  a  thread  to  i(,  dose  to  the  ansa.  Divide  it,  and 
dissect  it  out  as  far  as  the  hyo^dossus  muscl.'.  Divide  the 
nimns  of  the  lower  jaw  on  .ach  side,  when  it  will  come  .away, 
Ciirryine  the  hyoid  hoiu:  and  ton-ue.  Tie  a  thnad  round  the 
tip  of  the  toiietie,  and  attach  it  to  the  crank  myoj,'rapli  in  tlu' 
usual  way.  Pin  the  hyoid  hone  down  to  the  fro..-li..ard  nlaco 
.1...  1 1 1    ,  .        ,  .  "  '  I 

•..!•     .:;,£•  -"---ai     .:ii\e    acio,~.s    the    eleciroiies,  and    simuiiale    ill 

the  Usual  way  :    the  muscle  contracts. 


>■»-"•♦.• 
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(I)  Apply  a  l-iii-KXMI  soluiiun  of  .•iirari  in  iiuiin.il  wiliii.', 
-iii|i|MM;,'  thr.illj'li  till'  inilioils  liniuhnnn'  to  iillow  it  to  n  ucli 
th.'  liili-.'lc,  or  ihj.rl  till'  ilili;,'  |iy  ii,r,iii->  <<{  a  mii;i!|  liy|M„lrriMir 
syriii^'i'.       Leave    for    lialf   an    imiir.      Siimiiliiti-  ilie  neivr  a 

^•■> 1  nnie  as  liefor.' :   no  eoiitniction  w  ill    nsiill.       Applvllie 

elei'litMlt  >  (iMectlv  t(i  llie  liyoejossus  inii-cle  it>-(if  ami  stimu- 
late;  the  nniscle  (•iiiitracts  vi;,'(ii(>i|s|\ . 

C-M  Make  a  secdini  e\|)(riini  nt,  npiilyin;;  tlie  <lni^,'  t,,  i|ie 
hypoglossal  nerv.'  only.  In  this  (-ase  the  nnisi^je  eonlinius  to 
ii'spond  to  e\ritati('ii  of  llii    ik  rve. 

I'Aperinieiit    (h    shows   tliMt    the    inns,!,  i„,t    alleeted  hy 

(Mirai-i,  Ms  it  still  ivspoml,  to  direct  e\eitati,in  ;  cJ)  shows  that 
llie  n,i\e  tniidi  is  not  aff,  eted  i)y  the  streiieth  of  soliiti,)n 
nsed  :  It  must  therefore  he  the  ncuro-miisenlar  junction  that 
the  thiiL;  si'leets  for  its  sp.'cial  aeii,)n. 

Action  of  Veratrine.  — \rak,'  a  thir.l  experimeir.  injecting' 
a  f.w  ,lro|is  of  a  -DlH  per  cent,  solution  of  veratrin,'  acetate  m 
n,irnial  saiin,'.  Aftcn-  all,i\vinj,'  time  f,ir  the  drii;;  i"  act,  take 
a  series  of  sin;,'lc  t\vit(dics  on  a  slow  drum.  Note  the  diifer- 
encc  iMtween  the  lirst  twit(di,aiid  those  occiirrint,'  later.  Wail 
for  fivi'  inimites  and  take  a  second  series. 
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i;l'l  IK   I     Hi'     l.ilAli  —  \WliK     I'liSI         ivili.ll,        llli;     l.'iNAMD- 
I'l;  \l'l!       lIH.ni;        \(  l|i|  n     lU      I  Al  H.M  H    Ml  M  l.i: 

Effect  of  Load.-  A  luud  nciv  i^'  ai-iilinl  to  a  mu-clc  in 
two  ways.  It  may  lie  alJdWiil  In  slii  irli  liic  uiic-oMtraflcd 
imi>cli',  or  so  anaiij^rd  fluU  tlic  luail  in  not  \h'Vhc  liy  liic 
muscle  iiiitii  il  lif^jins  to  cuntiuct.  Tiic  latter  tuetiiud  is 
kiioun  as  '  afti  i-loadirii,'.' 

Aiiaii^'f  II  ;;asiMifnfmiiH-sfiatic  {ucparation  willi  a  ciunU 
myn;;rajii]  as  iufnrc,  alti.'r-hjadiiij,'  tlic  miiseli'. 

Calculate  the  ma^'iiiUcat.uii  of  the  lever,  ami  the  actual 
\vei;;lit  lifted  iiy  the  musel.',  as  in  Lesson  II.  Now  lake  a 
series  of  sin^'le  twitches  on  a  stationary  drum,  e.xcitinj,'  with  a 
sin.vde  ma.ximal  hnak  induction  shock,  and  increasi  i^'  the 
actual  weieht  that  the  muscle  lifts  l)y  increments  of  forty 
^^rumnns.  The  lui^dits  of  the  successive  contractions  will 
diminish  as  the  weiglit  increases.  Tla^  work  done  will  not 
follov,  the  same  law.  This  (in  irnimmc  millimetres)  is  ;,'iven 
hy  the  liei;,'ht  of  the  contraction  m  millimetres  multipli'.d  \>y 
the  weij,'ht  lifted  i.i  ^'ramiius.  As  the  load  increases,  the 
work  done  iiienases  ii[i  to  a  nia.\imum,  and  then  declines. 
I'lcit  (jut  the  relation  between  load  and  woik  on  squared  paper. 

I'he  student  wUl  note  that  neither  the  [lower  of  a  niu-cle, 
('.( .  th(>  work  done  in  a  unit  of  tune,  nor  the  et'lieieiicy,  /.c.  the 
ratio  hi  tW(  en  tin'  <ll'eclive  Work  done  and  the  ei 
siimeil,  is  ;;iven  hy  this  caleiilatioii. 

The  ...hsolute  force  of  a  muscle.  /./ .  the  maximum  wi^;lit 
which  a  muscle  can  lift  irrespective  of  lu'i;,dit,  is,  for  a  muscle 
with  parallel  fibres,  proportional  to  the  transversi;  sectional 
area.  For  fro;,'s'  nniscle  it  is  about  3,000  f,'nuiimes  per 
sq.    cm. ;    for   mammalian,   from   vS.OUO    to    iO.UUU    ;,'rammes. 


eiier^'y  c'on- 


-Vo   It:'.:  uiy'ii'o   Ufc   ciu"  ^iistrociieniius  ai'c  iu>t   iKo;i!iei,  Ih"  cal- 
culation becomes  too  complex  to  be  inserted  in  this  pla 
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Fatigfue.— The  cftVct  (if  fiiti^'uc  (.n  iimsclc  eaii  he  studied 
either  as  it  affects  the  shape  uf  tlie  curve  of  a  sin^'Ie  twitch, 
iir  the  lui;;hl  of  a  eoiitractio!!. 

For  tile  first  luetliod  arraii;,'e  tli('  (Iriiiii  so  tliat  tlie  striker 
makes  a  single  cuitiicl  at  each  revohiiiou.  which  should 
occupy  li-:.  seen  ds.  See  that  th;'  w  ritiii,i,'-poiiii  i-,  a  line  one. 
Start  the  (h'liiii,  and  then  open  the  sli..rl-cireuitin-  key,  so 
tliat  one  stinmhis  will  r.Mcli  the  muscle  at  each  revoli'it'ion. 
AILiw  t  le  driiiii  to  rotate  for  some  time,  so  as  to  ohtaiii  a  lari,'e 
iiumher  of  twitches,  wliich  will  lie  superposed  on  eacii  other. 
JMark  the  iiionieiit  of  excitation  as  hefore.  Instead  of  record- 
ing; .-very  contraction,  the  levcu-  may  he  moved  so  as  to  write 
on  the  drum  only  at  every  twentieth  contraction.  In  this  way 
It  is  possihle  to  follow  out  tlie  chan^'es  in  the  .shape  of  the 
individual  contractions  n  sultin^  on  fatigue. 

The  Dynamograph.— 'i'he  pro^^ress  of  fati^^ue  in  the  human 
suhject  can  he  deiuonstrated  hy  the  use   of  Mosso's  er<;(ij^rapii, 

or  more  accurately 
hy  \\'aller's  dynanio- 
^'i-aph.  This  e  insists 
of  a  stron;;  spring,  to 
wliicli  is  attached  a 
lonj;  and  lir,rht  lever 
arran<,'ed  to  write;  on 
a  very  slowly  moving 
drum.  Two  ha:v1!es 
are  arianged  so  that 
the  e|-  sp  ,,f  the  whole 
iiand  l)ends  the  siiriu". 

L  O 

Tin;    suhject    makes   a 

^•T'es      oi       maximal 

grasps     at     accurately 

regular  inlervaN,  as  deteriniiied  hy  the  metronome,  and  should 

not  look  at  the  record  until  it  is  lini^hed. 

Changes  in  Reaction  of  Fatigued  Muscle. —  Take  tin 
reaction,  with  moistened  litmus  paper,  of  (a)  fivsh  frog's 
miKscIe,  {/>)  muscle  that  has  just  heen  fatigued.  The  hed} 
muscle  will  he  alkaline,  the  fatigued  muscle  acid. 

Rigor.— A  variahle  time  afte"  the  death  of  the  fro<r  the 
nmscles  also  die.  The  visihle  sign  of  this  -rurrence  is  that 
they  hccoHie  slr'itei-,  iiiuir  o[ia,]Ue,  and  sLiH       >d  are  no  ion"er 


li<i.  11.- Waller,  ilviiinii.-iiipli.  Tla  iii.iMibiu 
lianille  II.  is  piiili-a  u|i  |,y  the  j;riifi)  uf  lli,. 
Iiaiid  araiii.^l  tli(  .-lilf  ^[iriii-  s. 


UKIOR 


23 


irritable,  tliis  condituui  buiiij,'  icnncd  //'/'"'  mtitiis.  Tiic  reaction 
also  bccoiiiis  ;ic-i(l  to  litiims,  as  in  fiiti^'ued  iiuisclc  Tlu'sc: 
foiidilidns  can  Ix'  well  (il)serveil  mi  muscles  that  liave  heeii  l;(|)l 
since  tlie  ia>t  class. 

The  n'  '  M  iif  li.ai  wlun  iilmxc  a  ceitain  trni[K'iature 
in'odr  ,  -  alt  .:  ::'ii  i;''  lis  ('■■n.liiioii.  wliii'li  is  ti  iiiiiil  'In  at  ri;4iii'.' 
TIk;  I  .-t  -t(';i  ;i!  liii  .  ikis  ]il::ce  m  tlic  Iro^  at  a  teniptratuit: 
of  fro  .  '•  ;;:  \1  .  i  like  the  reactiim  of  a  I'l'i  sli  L;a>tri)cni'niius 
niuscK  ■  i  :i  '  '■.  nk  h,\(iijr,i[ili,  siirrouiicl  it  with  a  cdil  of  cii|)pi>r 
tuhiiip.  throii^ii  \snich  wati  r  hciti  1  t'l  1")  is  lia^-e-l,  and 
(di'-crv(!  the  contraction  a--  th^'  nniscle  jias-rs  into  riL:or.  'I'iien 
take;  tiie  reaction  a'Min. 
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';■•""'    :»'•        X"n,T    tl.r    :,l(,T;|,,n„    „,     (1,    ll„.'  lat,  I,,' 

(-Mill'  i:il<'   i>l    cuitnicli,,,,   a.ul   ivlaxatinu.  an,l  ,;;,  |1„ 


Effects   of  Heat  and  Cold.  - ';.,y„  ./,,,,/,. _.\,,,^„ , 

^a^i-ocn.  nuns  ..,at,c  rnpuration   to  n.:„r.]  a  sin^I,.  iwilH,  as 

"'L'.-onlI,|.„    1.,,.     i>lacc-rou,ulllu.nH.s.i,.  a   lutl.  spual 

'■"'    '-'^  "'i'l;'-  ^"'';"^'-  ^^-^  '"  "H.  last    Ksson    an,l  iu-rfus/tl„s 

""'7'""-^'-'"r''"^''"'--      '''--"l-nn-„..K,.,„th.i.a,...: 
un,I  (ak,.  s..N.ral   trann^s  at  dili;  n  nt   1,  „,,,.. rat,.,v<.  ..,/.  at  7  ' 

'"  ;">'"'act.nn,      I'inally,  pcrlns.  ,1,.  co.l  with    ua.,T   a't"'nl" 
a;i.|  (iliMi-vc  the  (Uisut  nf  luat  vi^'uv 

Summation.-Arra„„  li;.  .,,-,, ui  an,l  drum  to  ivcon!  a 
^"'^':'  '"'^^■''  ^^^  '"  '  -'nll.takn,;;a  f.v.l,  ,a.tnK.,H.n■us- 
sc■,:.lu•   lavparat,,,,,,      i.nn^.   tl,.   s,.on,|   contact  sprin,^  of   the 

nnudo.„...thatUal..c.n,H.t.>-hccircuUas,^^^^ 

""■      "   ^;""-  '^"^'Iv  after  th.cn.l    ol    the    ,i,-,t ..-action 

-    .   i.conl   with   two   stMuuh,    the    sccon,!   at    tl,,.  ,n,l   of   the 

' •'■-•t^-"f'-""tlH.(irst.      Next  ,n.v,.,hc>,.c.„„lsi,nn..  hack 

;;anl.sothal,tc,.u,.l,.tc.thcci.cuaa.thcIcvcrL,,.':h    •: 
i.onlaxat„.nlro,n   the  li.st   .tnnuh,>.     Take  another  .vconF 

;     ";."■''"  '^'1^"-^'"'   >l-sec,.n,i   Munnh,.  tlnoun n,., 

"■■"   ";'^'    '•""/'•a^'ta-n;    an,],   .n.ally.  a,   f.a.rth    uH,    the   s.cond 

M,muh,s  ai,,,h.,l  ,iurm^  the  latent  ,„,.:,„1  of  the  h.M  e„ntn,e„.,n 
iho   ex|.enn,.nt    .nay   he  canie.l    out   umu^  .nax,:nal,  M.h- 
naxinmh    .,nnnnal,    an,l    suluuninnai    stunuh.       ('..nmar,.    the 
tracin-wihtained.  ' 

Genesis  of  Tetanus.-];ear,an,„.  the  appuratu.  .„  that  th,- 
•Irmn  ,.  dHconn,  cte,l  fron.  the  prnnary  ,.uvu.t  of  the  n.iuefon 
coil,  and  put  instead  the  spnn-  intcrupt,  r  ,  !•  n.  f-.,  ^p,,;^  -^ 
a  Mhratn,-  nu  tallic  reed  with  a  pin   at   one  .  nd       Tl •'• 
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is  iiiiul(!  iiuil  limkcii  us  ilu;  pm  ilips  iii  ami  out  df  a  litllu  pnol 
■>i  iiicrc-iify.  Il  is  well  U>  cdVcr  tlic  >iirfaci  nf  tlic  incrciirv 
witli  iiljsolutc  alec, hoi  lo  i',,'-iit  (iXiMnlioii.  'I'lic  piri..,!  ni 
vibration  of  the  ncil  cmm  ]>■  vaiud  l.y  siiilin;,'  i\\v  clamp  (  to 
and  fro. 

I'lafc  the  srcoii.lary  coil  at  such  a  ilistancc  fi-om  tli,. 
lu-iinary  that  only  the  hrcak->liock:,  arc  ctlrriivc.  Arran^^^c  the 
■  huiii  so  that  it  revolves  cjner  in  iiliont  s'V(  ii  seconds,  close 
the  short-circuitinL;  key  in  tlie  srcon.lai  y  eirciiit,  >el  the  ivi^d 
Vlll|■alin^^  and  ihen  o|ien  the  kiy  -o  as  to  record  a  s.-ries  of 
twitch.-.  iupi  at,  shorlenin.u  the  spi-in-  eaidi  time  ;  nnic  that 
the  indi\i(lual  twitch's   tend    to   hecom.'    fii'-ed   as  ih.'   stimuli 


1 


-.J^^^M^^ 
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Fi..,    iL'.-^Siinii;:  iiitiinipt'  r.     Tin   oiini'iit  i-  ,ii:ulc  iuv\  h\j     ii  m  \\iv  .nui. 

1  cconie  more  rapid,  linilly  -ivim;  a  ^ii-tained  '  tet  inus.'  Note 
uKo  the  relation  h.iween  tin  hei-ht  of  a  single  twitch  and  that 
of  a  eonipletet.  tmuis,  letting,'  the  innsclc  contract  (irst  a-ainst  a 
lieht  load  and  then  against  a  hcav\-. 

Electrical  Chang-es  in  Muscle  and  Heart.  n/y,v,  rr.iti,:n<.~ 
\\  hen  a  muscle  passes  from  a  -.t.ite  of  re^,t  to  a  st  ite  of  ai-|ivitv 
dill'erenccs  of  electrical  ]H>tentia]  aiv  set  up.  Two  kin.K  ,if 
instruments  ar.'  used  h>i-  oh^'ivine  ;ind  measuring'  these 
ctfects  :  — 

('/)   Ciaivaiiometers. 
(h\   i^K'ctroineters. 

The  constnictiim  and  use  of  a  ^'alvanometcr  can  be  deuion- 
sirati.t  on    the    Muall    iiiudel.      'i'ir.;     coiisi-is    ol    a    ma-iietic 
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lucdlf,  i)iv(>tiHl  so  liiai    it  rotates  in   a  liorizoiit:'  iiu.     It  is 

surnmiulrd  l)y  a  vi  rtUMl  I'oil  nf  wire,  and  llic  w^  nstninit  nt 

is  plao'd  so  that  liic  c'(.iN  of  wire  lie  in  tlu-  iiiii-,  in.'  inci-idian, 
thus  Uv\w^  jMrallcl  to  the  ni;i-n.  t  When  a  curn  nlof  <!.  ctricitv 
lKis^i'>  lliroiiLili  the  coil,  it  [ni-nis  a  niaL;rictic  liild,  luidrr  the 
ilitluciicc  ol'  whii-h  thi'  nndl.'  tends  III  set  itself  at  i  i-hl  anodes 
to  the  |ilaiie  ol   the  eoil. 

The  Reflecting-  Galvanometer  of  Kelvin  (Thompson)  is 

es^eiitinliy  tlic  same  iiisti-iiiii'  ill  iiiaile  more  s,iisiti\o  |i\-  eajTfiil 
attention  to  detail.  'I'lie  ma^^lKls  are  arranged  in  two  sols, 
the  lower  scl  heiii;,'  the  rovoise  way  of  the  liiiiiiT.  so  that  the 
eomliinaliMii  i^  nearly  ;tslatie.  The  ii|>i'er  srt  of  nia-nets 
earrie- a  small  mirror,  ;iii<l  a  In  am  of  li^dit  retlected  and  pro- 
jreted  from  this  ^n  a  seaU'  indicate-,  tlie  d(  flections,  'i'lu^  coils 
arc  made  of  very  thin  wire,  and  are  of  -real  len;,'th,  so  that  tiie 
le.^i^tance  i>  hi-h— usually  ahoiil  7,(100  ohms. 

The  Einthoven  String-  Galvanometer  has  the  position  <<( 

the  inairiiels  and  coil  reversed.  'I'he  ma^iu  Is  are  larj^'e  and 
\ery  iiowrrfiil.  and  the  coil  traversed  i)y  Ihi'  current  to  l)e 
measured  lianas  in  a  iiarn.w  chink  iieiweeii  the  ma^^nets.  The 
simplest  form  of  coil  is  a  siii^de  strai^dit  win',  and  in  the 
Minthovi'ii  instiunieiit  this  is  made  of  a  silviiicd  (pjart/  librc  or 
a  ['latinimi  wire,  the  thickness  of  which  is  aliout  ■2:>  fj..  The 
ni'>\emenl  of  the  string,'  is  niiii^'nitied  hy  a  microsco[ie,  passim,' 
tl[r;uij;li  o'le  of  the  ]iole^  of  the  mauiu  I. 

The  Capillary  Electrometer  is  CMHstructed   on  a  totally 

dillerent  system.  It  consist-  of  a  caiiill.iry  ejass  tuhe  with  a 
l>-re  of  10  ;iO  /.L.  one  taid  of  which  widens  out  into  a  re-ervoir  ; 
the  narrow  end  dips  into  10  [>er  cent.  sul[ihuric  acid. 

The  wide  end  i-,  filled  with  uieicury  tmdei-  pres-^ure.  The 
juiictiiiii  of  the  mercury  with  the  snlphuri.-  lei.l  in  the  capillarv 
i^  the  seat  of  surfai'e  teiisi..ii,  wlii(di  is  Very  easilv  alti'ied  h\- 
ditl'erellees  of  ]iut.'ntial.  -o  that  the  meniscus  moves  up  and 
down  the  tuhc>  W  lit  1)  [he  pott  lltial  of  tic  e.,mieetions  i^  varied. 
I  [I  to  ahoui  (ti  \(iits  tin;  (  .\cur-ien-  are  ]proporlional  to  the 
Iv.M.h'..  and  the  nil  rciiry  he;,'iii-,  to  move  as  soon  as  the  Iv.M.j''. 
ciiane<  iS,  so  that  tlk  re  is  im  '  lost  time  '  ;  it  is  therefore  possihle. 
by  analysiim  the  shape  i,f  the  curve,  tt)  calculate  the  l':.:\I.i'\ 
at  any  moment. 

Non-Polarisable  Electrodes.— In  the  examin  ititms  of  the 

thiieienco    of    poleuiial    siiowii    iiy    any    animal    tissue,   it    is 
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c^si  nliiil  Lluil  tlic,  cdiilart-,  with  liic  tissiu-  sliall  ^,'ivi;  iKxniri'ciit 
tiiciusflves.  Iliiict;  ii()ii-i>nlai-ir,;il)l('  ('li(;ti'()(l(S  iifi'  invariably 
used.  Tli('S(;  consist  of  a  terminal  nf  anial;;aniatr(l  zinc,  dippinj^ 
into  a  saturatcil  snintion  of  zinc  snlpliati'  idntainid  in  a  siiiall 
.uiass  tiilic  ;  the  end  nf  tin'  tuiic  ai'iilicd  to  llu'  ti-siic  is  closed  1)V 
a  jiluj,'  of  kaolin  inoi^-tciicd  with  salt  '-njutinn. 

/)rwo^/v//v(//o;(N.— Set  up  the  circuit  as  in  I'ij,'.  I:).  Dissect 
out  a  f^'astinciieniius-^ciatic  iiiv|iaratinii  with  a.-^  little  injury  to 
the  nniscle  as  ))ossil)le.  Place  ni  ■  electrode  on  tile  helly  ol 
the  muscle,  the  oilur  (in  the  tendidi,  contact  heinj^  made 
tluoueji    linen    llueads    nmistened    with    >alt    snliitien.       'I'lic 


I'm.  1.'!.  Iiijiiry  cuiicnt  and  iiOf.'.iti\c  \iui;itioii  .,i  iiiusclc.  s.  ^witcli-lii'iuil : 
I',  iHiiiiiiMlioii  cinuit;  M,  liio  iiiusclr  ;  I.  ii-  injiiiil  .  ii.i  :  n.  its  mrvr;  llic 
iirruw  t;lH.\\s  tlie  ilircctioii  nf  llii'  injui>  iiiii.m  m  lin-  inu-cic  ;  .:,  ;.':il\anu- 
inctfi'  riiviiit;  i.|.  the  ^'iil\  iUiuimtM- ;  --..iIk  -liiii.i;  .  .  ruiriK  ii-;i!  idii  I'iiX'Uit ; 
i;  uiul  r,  iiv-iritaiir.  -  ;    1  Ai  • .  i  siilin^  i  in  nil. 


niore  carefully  the  pri  j)ara;ii.ii  e-  nindt  the  h --  will  he  the 
current,  and  the  inference  is  that  ri-tMit;  uninjui-ed  ii^-ue  is 
i:^o-electlMC. 

The   telldi'll   end  of    the   niU-cle   i-   then    tnUcllcd  with    a    hnt 

wu'c,  and  the  ( leclr  idc  ria]i[ilied.     'I'hrre  is  unw  a  very  marked 

diit'erer.ce  of  pntenlial,  tl  e  'current  of  injury.'     'I'Ir'  directii'ii 

of  this  current  is,  in  the  tissue  from  the  inji'.red  to  the  uninjured 

part,   throu<,di   the   ^'alvanouieter    from    tlie   uninjured    to    the 

injured  part.  Hence  tlie  injured  [lart  i^  s.iid  to  he  yalvano- 
ini.tiic.i Hi-  •i...f.ii ;<•..  I..  1 1...  iii.t'.,;.,... ,,1   ....  .1,,.  > ....  ... ,.  ;.:...,       \ ..  *  1.  , 

injured  part  behaves  as  i-ee-^ixls  its  dii'l'erenccs  of  potential  like 


■  yrr 
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the  zinc  in  a  buttery,  tlic  term  xiiieatiw,  su<,'j,vstwl  Ijy  Waller, 
in  less  umbij^iious  than  eitiier. 

It  is  fouutl  that  all  the  tissues  ,.f  the  body  behave  like 
niusele  ui  this  r.  sjuct :  namely,  that  an  injured  part  is  nej,Mtive 
or  zmeative  to  an  uninjured.  The  sciatic  nerve  is  then  excited, 
the  nuiscle  contracts,  and  the  current  <<(  injury  is  .hminisluMJ,' 
the  contractint,'  part  now  becnnnn^'  ziucativ,'.  and  j,'ivin;,'  a 
current  in  the  opjiusitc  dncvl.on  to  the  injury  current- Uic 
so-called  'negative  \ariation.' 

To  study  the  electrical  changes  in  the  heart,  it  is  necessary 
to  use  cither  the  string  galvanometer,  or  the  electrometer.  The 
electrodes  can  be  a^iplied  to  the  isclaled  fr.)g's  heart,  when 
dift'erence.s  of  potential  v.'ill  be  observeil  at  each  beat.  The 
student  can  also  observe  the  changes  in  potential  produced  by 
tile  beat  in  his  own  heart,  leading  olf  from  the  right  and  k^ft 
hands.  In  all  the  experiments  of  tlu'  heart  the  chang.s  in 
potential  are  so  rapid,  that  for  an  accurate  observation  it  is 
necessary  to  photograph  the  e.Neursions  of  tiie  meniscus  of 
the  electrometer,  or  the  shadow  of  the  string,  on  a  rapidly- 
travdling  photographic  plate,  as  the  eye  is  unable  to  follow  Us 
movements. 
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IJ'.SSON    V 
I'uvsiiii.iic.ic  \i.    \s.vV"M\  111'  -1111:   iii:A!;r — m  iiox  di"  v\r,\i:s 

Physiolog-ical  Anatomy  of  the  Heart.— I'imuic  tlu>  fic^h 

licari  liU'l  liiiiLi-^  el'  a  >!irrp,  aii-l  cxaniiii''  tli.  in  l>y  Stiiiiii_;'s 
mctlinil.  ()])(ii  till'  ji  ricardiniii.  IiLniify  tlic  snpci-ior  ainl 
iiifciicir  vt'ii;r  cav.-i',  ln-ihuiu;;  llic  ^-yst('lni(•  liloo.l  in  tin:  lai^ht 
aiiriclt',  ami  lln'  i>!iliiioiiary  arti  ry,  coiiviyiiiL;'  the  lilmiil  fruin 
llir  ri,i:lit  vciitrici''  in  iln'  luii,u~.  Can  fully  dis-rct  dlT  tiic 
licricardimii,  au.l  identify  iln-  jiiihiiMiiary  vi-iii-  ciitfriiiL;  the 
left  auriclf.  ami  ihr  amta  lyiiiu  luliiml  tin'  piilmnnary  artery, 
carryiuu'  tlic  hlnn.l  fnim  tlie  left  veiitriclo. 

Cut  thr(.)U,:^h  all  the-c  larLiX' vi's>els  a  little  i1istaii(_\'  fnuu  the 
lioart. 

Action  of  Valves,  c)  Ilavo  roaily  two  o;la<s  tubes  Ki  nun. 
in  iliaineler,  one  N  cms.  lonj,'  and  the  other  (iO  cin^.,  Iioth  t'an^od 
at  niie  end.  Tie  the  l"ii<;er  tiihr  int'i  tin'  pulmonai'y  artery, 
lieatuie  til''  inferior  cava  and  left  a/yuus  veins,  and  tie  tlie 
shorter  tulio  into  the  su[Hvi(ir  vena  lava.  Connect  the  otluT 
end  of  this  tidic^  with  a  Ljia--,  funnel,  then  j)i>iir  the  water  into 
the  funnel.  The  w.itei  ^- lil  fi.l'ow  the  cairse  of  the  Idood, 
passin;,'  into  the  ri^ht  auricle,  lel't  veiitricde  and  imlnionary 
artery,  and  will  finally  >tand  at  the  same  level  in  the  latter 
vessel  as  in  tlie  funnel.  Now  conlllre•^s  the  right  ventricle 
with  tile  hand,  so  as  to  imitate  the  muscular  c'>iUraetion,  the 
water  at  eacli  >ysto|e'  will  ri-e  in  the  longer  tuhe,  and  at  eacli 
diastole  will  not  (low  hack,  lieiiiu  hept  [rum  doini,'  so  by  the 
semilunar  valve. 

(h)  Kepeat  the  above  eNjierinuMit  on  tlu-  left  side  of  the 
heart,  tyinp;  the  Ioiil;  tube  int  i  the  aorta,  and  the  short  one  into 
one  of  tlie  indnii  I'.nn.'v'  vein^  ih.e  'a^her  nuhi!' 'iia.rv  vein-  hein" 
lii'aturcd. 
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ir)  Ctit  uwMv  tlu.  rij^'ht  iiuriclc..  an,!  uitl,  fur.T.H  tear  awav 
ouv  of  tlu.  thnn.  .-usps  ,,f  tl„.  sr.n.h.n.r  valvr  „f  tlu-  pulniona/y 
artny.  I  u-  tlu-  short  t,.l.,  mt,.  tlu'  puliunnarv  artcrv  an.l 
coniu'ct  It  witli  the  -las.  lumul  as  Infoiv. 

!•""'■  wat,  r  into  il„.  |„„,kJ  ;  ,|„.  s.miluinr  valw  ,„,u-  l.cin- 
-n.'.m.iH  t.nt  allows  wat.r  t„  pass  fnvly  l,ad<uar,ls  ml,,  ih';. 
r.;,'ht  vrntnd...  As  th.  hut.r  tills,  tlu-  s.^-nu-nts  of  th,.  trua.s.n,! 
vahv  tloat  up  a.ul  ro.nr  into  .•los.  apposition,  ti.'litlv  closin-' 
tlio  aiiiiculo-vcMti-icular  opmiii^'. 

('/)  Cutout  tlu.  aorta  witli^its  valvrs,  with  a  cousi.l,  fal.jc 
>i"u,u.,t  ot  sun-ou,u];n.'  tisMu-.  Ti.  tlu.  uamnv  (-u,l  oC  a  funnd 
with  a  short  wul..  llan^r.l  sKn,  nuo  ,1,,.  „orta,  au.l  pour  uatrr 

■nto  the  funnel,  the  s,  nnh.nar  valve,  dose,  allouinj,'  no  water 

to  IMss   iH.tween  the  se-nu.nts.      It   runs  out  freely,   however. 

Ummiih    tl„.   eoronary  arteries.     Tie    these,    an,]    ,',hserve   the 

app,.aranee   of    ,lu-   elose.l   vahv..    looking,'    down  throu.^,   th,. 

''""■''l.^">'N„.Min-a  <n, all  ,-I,ririr  lamp  hrlow  the  valves 

rh,'sanH..  r.-sull  ...n    !„■  ,,htain,.l   l-v  tvin- th,.  pivparati.m 

"II  th,.  ,.n,l  of  a  tuh,.  an,1  bl,,ui,,^  tlir,.u-h  it.     Th,.  phiv  ,.f  th,. 

vahvs   can   ..asilv  he   stu,l„.,|   .Invetly.  or  even    proj..et;..l   ou   a 

(r)  Slit  up  th,.  aorta  and  pulm,inary  art.'ries,  and  observe 
the  attachm,.nts  of  th,.  vaUvs  and  th,.  arran^-,.nient  of  tl>e 
smus,s  of  ^alsalva,  and  (in  th,.  aorta)  the  oritices  of  ori-in  of 
the  coronary  art,ri..s.  Aft.r  makin-  the  pr,c,.,lin^M,h.s,.rvan-ons 
cut  op..n  tlu.  lu.art  and  n,.t,.  th,.  ,l,ir..r..nee  in  thiekn.ss  of  th.^ 
walls  olthenpht   an,l  hft   v,.ntncl,s,  th,.  ,„nstn,ction   of  the 

.■nu-,culo-v..ntrR-ular  valves,  and  their  atta,.hni..„t,s  to  tlu  nmseuli 
papiliarc.s  hy  nu.ans  of  th,'  ehonla-  tiiuiiiua.. 

The  chordie  tendin,.a.  .M.rve  t,,  pr.Avnt  I'h,.  ev.rsion  of  th.. 
\aiv..s  mt,.  tlu:  aunehs  ,lurin-  sy.t,,l,..  Towards  the  ,.nd 
"!  systol,..  wh,,,  th.^  wlu.l,.  V,  nti-ieular  wall  appn.aehes  th.. 
^mneulo-v..ntn,ular  op,.nip.,  ih,.nl.y  t.n.lm.  t,)  slaek..n  th.. 
cl.oi-da.  tendm.a-,  ,h,.  nm.s.uH  papillar.s  also  contract,  thus 
'iiaintamm-th..  pouu.  ,,f  ,,nj,Mn  of  th,.  chorda.  tcn,lin,.a.  at  -i 
c.'.istant  ,listan.-,:  In.m  th..  auncul,,-v,  ntru-ular  rin-  an.l  k,.,.,i- 
11114  their  ti  nsion  uniform. 


TT 
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Li;ss().\  \i 

liii;    \UTKifiAL  SI  iii;\:.\ 

Tilt'  iiivi'sii^aliiiii  n[  till'  fl';llll^^■^  lit  {]],■  cirrnlittMii  iiivol\ts 
tin- I'oiisiili'i-ation  uf  a  nuiiili  ^f  uf  [ihysiral  farlm's  with  r,^aril 
to  th(>  inolioii  of  tliiiil  ill  tiilics,  uliirli  can  ]><•  stu>licil  mi  a 
niiiiltl  as  Well  as  nr  hittrr  than  mi  the  liviii'.;  aniiniil.  'I'lir 
stmlfiit  shmilil,  tlMrcrnrc,  maki'  cti"!.!!!!  that  In'  tlmrmiL'lily 
niiiliTstainls  tlir  d'  iiicntary  iiiia'lninii'al  [iriiici])lr>.  Iirfm-r  jum- 
(•('('ilill;^  to  till"  rmi-iili'ratimi    nf    tin'    Iimrf  stlirllv  pllV^ii  il!i;,'lcal 

factors  iiiv.ilvtil  iii  l\\<   cirriilalimi. 

Tlir  si-lu'iiia  ( I'^i;,'.  I  It  I'l'ii^i-t^  III'  a  I  liirk-walli'il  rnliln  r  lailli. 
Jl,  lirnvidi'tl  at  each  cinl   wiili    iiiili;iruijliia  valve,->  iii  w  iilc  ;^Ia^> 


l-'li..  II.      Sell!  lll;l  01  rilc-iilatinn.      I''(]r  -iliii'iir;!  \   1  li.'  \  rin  .  i  if  t  lir  ^|'l,uu-li  iiir 
■AVtll  air  |ii,lCril  111  .-irirs  uitli  tl.r  >y-I(  lliic  Mill-. 

talus.  This  iv[ii\'sriilr,  till'  left  Vriilrirli:  willi  the  initial  aiiil 
soinihiiiar  valvrs  i,fuarilin,i,'  thr  orifices  iiiio  tlu'  auricle  ami  imo 
the  aorta  respectively.  The  valvt,  \,  leails  into  the  riihher 
tube.  ..\,  with  elastic  (ii-teiisibk;  walls,  reiiresenliiiLr  llin  Mi'teri:i! 
sysluii.      This  leails  into  the   wiile  ;4ia-s   tiihe,  c.      i'art  of  this 
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t'll.r  Nlij,.I,tly   pack.Ml    will,    sp,  „,-.■.,  sn   „.    tn   nllnnl   r,  ,ns,.|,.r- 
■■Mr  vr^l~t:mcr    (,,    fn.    H,,,,!    ,,,a  M„-   throll;,'!,    tl„-    t„l,...      Tl„> 

I''"''     '■•     ''I'lVSrnls     1|„.    ailMinl,...        -I'llr     lurt      nf      ||„.     t„l„.       , 

''■'"'■'■  "'"  '•''^"""■i  i-  ^"  \vM<.  tlui  its  r.M.nin.v  h.r..m,.s 
uh.mNt  iic^l,^.|l,l,.  „,;,y  Im.  VaUu  in  n  |.r,  s,  iii  ;l,r  rM|ull;,nr. 
iToin  the  (MpilhinVs  anntl,,  r  d.iMic  tuhr.  ,-,  niuv^rntin.'  tl,.. 
vniis  l.a.ls  itiin  ,1  lar-.'  tliin-wiill,,!  n.l.lK-r  t'lb,.,  .i.  wliidi 
eonvs|H,ii,ls  to  il,,.  hii-,.  tliiii-uiill.d  \,.in.,  , .,/.  ,,f  tli.. 
al'il..,,,,.,!.  Tlir  iu-h  rial  a.K  vimus  shl.s  ,f  tli,.  srl„  ma  a.v 
ills,.  omi.rK.l  l,y  a  nil.luT  till...,  l.  tl,r  (1,,\\  tlimii;,^!,  uliirl, 
"■ail  l)c  ii.ljiist.M]  l,y  iiK'aiiN  nf  a  scivw  clamp,  ami  tjil,,  s  l.^ad 
frniii  tl.f  aitrnal  aii.l  vni.ais  si,l,s  I,,  two  iii,ivunal  inano- 
111.  t.  rs.  v.  and  r,  ulii,.),  aiv  pn.vi.l,,]  with  a  niillinu  t.T  seal,.. 
/■:,■/, ,rn,i,„f.-^\\  ith  111,'  inllnw  till,,,  v  ,lis,-,  ,nn, ■(•!,, 1  f,,,,,,  ,;, 

'""'  ''"■  f''"'  '■'"'-  "1"  imii,'  lilt,,  a  l.aMii  ,.f  \\al,T,  il,\lliiiii,.ally 
<',>nii,n.ss  il„.  l„ill,  if,  .,,  as  i,,  till  i|„.  uj,,!,,  .^.,,.,,,  ,;,,|,  ^^.^(,  ,. 
•I'-iviM-  ,.ut  III,,  air.  h  may  l„.  ,„,-,.,,arv  t',  lai^.tl;,  v.iii.ns 
liilH.  s,.  as  I,,  all,,w  til,.  air-l,iilihl,.s  t,,  ,s,;,p,.,  Siii.p,,ri  tl,,. 
Kiiiss  till,,.,  ,,p,. nil);,' out  ,.f  ill,.  v,n,,iis  svst,ni,  ,,n  tli..  ,.,!■',.  ,,r 
til..  I,asm,  s,i  that  th,.  ,.iittl..w  can  1„.  ,.],s,rv,.,l.  Clamp  iTa,,,! 
wit";  >h,.  (111,,.,  V,  .lippiii-  mi,l,r  th,.  wat,  r,  rhvthmi,.allv  cn,,,- 
pivs  'il,.  ImiU)  at  the  nit,.  ,,f  ahout  tiftv  tim,.s  a  mim,t(. 
XiU,. :  — 

(")  Tli,.acti,,ii   ,,f  the  valws,  \vhi(.h   ,1,1^  rmin,.  th,.  tl,,w  of 
llui.l  throii^'h  th,.  heart  iii  ..n,.  dinetioii  ; 

(''I   th,.   hi-h    pivssiir,.   \\lii,.h    is    pr,,.liie,..|    ,in    ih,.  art,.rial 
sill,.,  ami  th,.  low  pr,sMir,.  ,ai  tli,>  v,  ii,,us  si.l,.  ; 

('■)   th,.   piilsati,,!!    in    ihr    ail, .rial    m,ui,.iiiet,.r,    ih,.    alim.st 
eiitir..  al,s(.iiei.  i,f  pulsation  in  th,-  v,  ii,,us  man,,m.  t,r  ; 

('/)   the  (.,.nslaiil  flow   f,oin  the  v.. ins  iiit,,  th,'  ha>in. 

'I'lie  hiu  fall  <,f  pressiir,.  fi-Min  art,.rial  to  v,  n,,u,  si,Ie  i.  ,iii 
I'l'lex  to  tl„.  f,,rc..  re,|uir,.l  t,,  ,liiv,.  th-  hlon.l  ihn.ii-h  th,. 
peiiph,.ral  r,>iMan,.,.  in  th,.  :,rt,  riol,'^.  'I'he  eoiiv.TsT,.!!  ,if 
th..  ])iilsatil,.  tlow  in  th,.  art,ii,.s  int,,  th,.  ..onslaiu  (low  fr,,in 
th."  veins  is  als.)  ,li„.  t.,  th,.  hiuh  i.,ripli,ral  n.sistaiiee,  ami 
th,.c,.ns,.,pi,.nl  aeeiiimilati,.n  ,.f  the  f,,re,.  ,,f  th,'  heart's  h,.at  in 
.listen.lin-  tl„.  art, .rial  wall,  so  that  the  .lasiie  r,  aeti,,n  of  the 
art,.nal  wall  coiitinii..s  t,.  .Iriv,.  ,,ii  th,.  Ilui,l  h,.tw,.i.n  the  heats. 
(f)  Whil,.  pinnpiii;,'  ihythmi..ally,  su.l.l.nlv  pineh  tlu- 
art.nal  tube,  and  stop  pnmpini:.  Tlu^  art, rial  manomete!-  in 
observed  to  8ink  slowly,  as  the  stretehed  arterial  wall  -radualiy 


Tin:   AUTHRJAI,  SCfFKMA 


:);i 


llir    (liiiil    lliniii;;li    tlic    pcii pli.Tal    resistance   iiilo  tlie 


illives    tin 
VeillH. 

(/)  Oprtl  the  claiiil.  I.  sliL;|,i!y.  s.)  iis  to  siliiiilate  diluti,,!) 
of  tlx-  art.nnlrs.  ,7,  „f  tli.^  spl;,n,l,nie  ,uva,  ii.i.l  .ontinu..  (., 
pnnip  regularly.  \,,t,.  the  elleet  on  tl„.  art.  r,al  and  viioiis 
pressnr.'s,  and  ,.11  t),,.  idmracter  ot  tlie  ver.  »ns  How. 

('/)  '_>l'en  the  (lamp  widely  and  eonlinne  to  pinnp  at  same 

rate.       Note  that    111,,    dilterrnee    of    piesSlUV      on    the  two  sides 

now  ahno.t  entirely  di.ipprar^,  an<l  there  is  a  pulsatil.'  Mow 
throii^'hunt  the  system. 

(//)  In  the  hody  thr  vaseular  system  is  a  eK.srd  cireiiit,  the 
veins  openin-  nito  the  heart,  ^rake  the  sehema  into  a  closed 
euvmt  hy  lilhn-  up  the  venous  system,  and  then  in.seitin-  a 
^'lass  luhe  at  the  enil  of  (i  into  the  ruhhrr  tnl)e  pa.Ssinj,'  into'ir, 
taking'  ear.,  to  .  vclud..  air-l,nl,hl,.s.  Xnte  now  that  th.r.'  is  a 
slij,'lil  pnsnnv  pns>ure,  uhieh  is  the  sam,.  throufjhoui  il„. 
system,  the  two  man,.m..teis  i)einf,'  at  th..  sajne  heijj'ht  (ahout 
•")-l()  mm.  1 1  a).  x,,\v  start  pumping  as  hefore.  with  the 
clamp,  ].,  (l..„,l.  Tlu'r.!  is  a  rapid  ris..  of  pre.ssur..  on  the 
ait...-,al  SI,)..,  and  a  sli-ht  fall  ,^f  pnssur,-  on  th,>  venous  si,l... 
Th..  tali  ,loes  not,  however,  corr..spond  to  the  rise,  since  the 
thm-wall,.d  veins  arc  .so  distunsihl,.  that  a  v.ry  slight  chang,>  in 
theu-mt.nial  pn'ssure  causes  a  hig  alt,.rati,.n  in  their  capacity. 
They  act,  then. lor,.,  practically  as  a  nscrvoir,  ,,ut  of  wliicli  the 
heart  pumps  i,l,H)d  int..  th,.  art.  rial  syst,.m.  Note  that  th,. 
iiei^'iitof  the  art.rial  pn-ssur..  can  h,. "alt.. red  (1)  hy  alt.ri.,.. 
rate  or  stren-th  of  the  h.art  h,.at,  cJi  hy  altcrin-  the  ptriplural 
r.  sistance,  i.i'.  hy  clampin;;  or  unclamniii;,'  d. 

Effect  of  pressure  on  the  veins. -Whil,.  pumpin-  steadih, 
gently  compns.  the  v,.in, ,;.  X,,t.;  the  rise  of  pre.ssutv  thcHvliy 
prod uc,..l,  first  on  the  venous  .sid,'  an.l  then  on  hoth  si.l.'s  of 
the  system.  .Vn  anal..gous  ,.ll,.ct  may  he  pro.hiced  in  the  Iwdy 
hy  c.impfe-sii.ii  ..f  th(.  ahd.nuen. 

Effect  of  gravity. -Allow  th."  heart,  n,  with  its  tuhes  to 
hang  h,.|ow  the  l.vc.l  of  the  tahle.  X..te  the  fall  in  arUrial 
an.l  ven.Mis  pressur,.s,  the  vein,  .1,  hecon.ing  mor.'  distcn.lc.l 
under  tlie  mflu,  nc.  of  -ravily,  i.r.  ,,f  the  pressure  exerted  Ijy  the 
column  of  flui.i  hetwven  it  and  the  highest  part  ,.f  the  syst,.m. 
If  thcxperiment  he  repeate.l  while  the  iieart  is  not  w.irkin.^ 
the  pressuns  n.gistoivd  hy  th,"  two  manometers  may  Lecoiiu' 
ne-alive.     Tims,  if  the  heart  aa-ses  to  heat   with  a  pers.m  in 
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thti  upright  position,  tlic  whole  of  the  Moo.l  m  tli.'  Ixvly  will 
tctul  to  (Iniiii  down  into  tlic  dcjicndcnt  pints  of  llic  vtiioiis 
system. 

The  pulse. — Wliilo  pninpin^'  rliytluninilly  at  iilioiil  fifty 
titncs  per  niimitc,  so  as  to  maintain  tlic  avcni;;i'  pressure  on 
tlie  arterial  side  of  aliont  100  mm.  11^',  press  gently  with  the 
forefin;,'er  on  the  ruhher  tnhes  npresc  ntini:  the  arteries  and 
Veins,  and  note  the  pnlse  in  the  former.  Take  a  traein;;  of  the 
pulse  hy  resting'  a  K-ver  on  the  riihber  tiihe,  or  hy  applying,'  to 
it  a  1  )nilt,'e()n's  or  some  other  form  of  sphyt,'mot,'rMph,  nmni- 
taininf,'  the  beat  of  the  heart  as  ret,'nlar  as  possihle. 
Take  pulse  trac'in;^s 

(1)  with  the  clamp,  n,  closed  ; 

I'J)  with  the  elamp  sli^^-htly  open  ; 

(■\)  with  th(^  ejami)  fully  open. 
Note    the    ditlerence    in    the  form    of    the  curve  so  obtained, 
which  corresponds  to  the  ditl'erence  obtained  in  the  Ijvm;,'  body 
between  a  hi^'h,  medium,  and  low  tension  pulse. 
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lit  \(   [\(,s        CMMWiidl;  \|.|| 

Sphyg-momanometer.  Two  ,,,,1.  ,„  „f  ,1,,.  .ms,,,,,,,,,,! 
ran  1.  rnij)I,,>v,l_(„)  Marii.rs  nw.  i;il,,iii,,n  ,.|'  |;,v;,.|;,„vi\ 
spliv-uioinim..in..t.T.  an,i  ,/m  i.mnar.l  II,1|\  |„h-K,.|  .,,|i\,.,nu. 
nictiT.  ■  " 

("»  'I'his  instniinnit  fonsi^ts  ,,f  ;,„  ;,,•,, ,1.1  ,. ,,,!,■  ,,f  a  .lis 
trn.«il,l,.  nihl„.r  ha-  with  an  (.xt..inal  l.;,,!,  r  ,,„,i  v,|,„'l,  ,.■,,! 
!"■  .listrii,],.,]  I,van  air-l.,ill,.  .nas  In.x,  ,1  luiviv,,,  |„v..,i,v 
ontlM.ann.  <'"nn.rU..l  will,  ilir  |,ai,' is  a  ni,  n  m  v  innnnu,,  !.,■ 
wlucli  nails  oil   tilt"  prcssuri'  dircctlv. 

/■:,/.  n»,.>,f..^'ln  nuaMiiv  the  i,!oo,|  prrs^uiv  „,  anv  -ivon 
artfTv,  ,j/.  hr.ichv.vl  phu'.-  thr  annl(  t  arouihl  ll,,.  „,i.Ml,.  ,?{  ,1,,. 
upper  anu;  platv  the  (in-rrs  of  nn,.  hand  on  ihr  r  iial  an,  rv 
Mild  i-awr  tlic  pivssuiv  in  thr  armlrt  nntii  thr  radial  pu|.,  n  n'o 
lon-.T  frit  ;  n';idllHpiv-,s,nv.v,,„i,vdintl,r,n;,nonHt,.r  Tl,,,, 
'"'  ""•  ■■'"■  ^'"^^'y  '■^'•4"'  l'""i  tlio  |,a^,  nnlil  tlw  pid-r  just 
a-ain  Imouihs  prrtvpi  il.l,.,  and  ivad  tl.  ur.iunuirU-y  a..,,,,- 
th.'  moan  ,.f  tlios,-  iwo  ivadin-s  will  ^,vr  il,..  .vM..iiV  pn  s.,,,-,' 
"'  111''  I'nidiial  artrry.  K,.p,.at  th,  ..xprnninu  lu,.  ,„•  n,,,,,, 
tinii  s. 

Compensations  for  the  Effect  of  Gravity.     Takr  tl,.  1,  ad 
'"    "'"■   '"■■"•'"^'1    ■"■t.rv       ,11,    ,],,    s,ii,j,.rt     ,„)   Mandiii,.- 
ittin.!,'  11        ID  iymo  d  ,\vn  ;  [1/)   mvcrird. 
Effect  of  Vaso-dilation.-L,a  tl,.    suhject   tlan  pla,r  his 
::i'  d  111  1  Mt  wal.r,  and  a_ain  read  tin   pivs^mv 

Effecs  of  Gravity.  W  ,th  two  aind.-t^  takr  ,|„.  ptv^snr,. 
-uuuitaiu.ouslyiu  the  am,  and  l.;,,with  the  suhjV.oi-,,,)  stand- 
■nt,'  :    i/i!   lym^'  flat. 

;lie  tw.    aiuilrts. 
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Effect  of  General  Vaso-constriction  and  Dilation.— ('om- 

pare  the  prtssuiv  in  the  hrachial  artery — 

(«)  Under  ii  rmal  conditions  ; 
(/))  While  holding  the  breath  ; 
(c)  After  the  inhalation  of  Ii  minims  of  aniyl  nitrite. 

The  same  experiments  cnn  he  performed  with  Hill's  pocket 
sphygmometer.  In  this  instrument  the  artery  is  compressed  by 
a  rubber  ball  covered  by  a  silken  bag;  the  pressiin;  employed 
is  read  off  on  the  gauge,  and  the  disappearance  of  the  pulsation 
estimated  by  the  fingers  on  the  distal  part  of  the  artery. 

The  Sphyg-mograph.— The  instrument  used  is  the  pattern 
known  as  Dudgeon's.  It  consists  of  a  button,  which  is  placed 
over  th(!  radial  artery  ;  this  is  connected  by  a  system  of  levers, 
which  amplify  the  movement,  to  a  writing-point ;  a  smoked 
strip  of  paper  is  drawn  by  means  of  rollers  at  a  uniform  rate 
beneath  the  writing-point.  The  clockwork  which  drives  tlie 
rollers  is  started  and  stopped  by  means  of  the  lever  at  the  top 
of  the  instrument. 

An  arrangement  is  also  provided  by  which  the  pressure  over 
the  artery  can  be  varied  by  turning  a  milled  head  connected 
with  a  lieart-shaped  cam.  The  milled  head  is  graduated  in 
ounces  Troy. 

There  is  also  i.  strap  and  clamp  by  which  the  instrument  is 
attached  to  the  arm. 

Experiments. — To  obtain  a  record,  feel  for  the  radial 
artery,  and  mark  its  position  with  a  pencil  at  thi^  level  of  the 
lower  end  of  the  radius.  Place  the  button  of  Ihe  iiistrunuuit 
accuratedy  in  this  position,  and  fasten  the  strap  around  the 
wrist  moderately  tightly,  the  clockwork  being  directed  up  the 
,.rm.  A  movement  of  the  lever  will  probably  be  visible.  Turn 
the  milled  head  from  zero  until  the  largest  excursicm  of  the 
writing-point  is  obtained.  Now,  having  previously  ascertained 
that  the  clockwork  is  wound  up,  place  a  strip  of  smoki'd  paper 
between  the  rollers,  see  that  the  writing-point  lies  freely  on 
the  paper,  start  the  mechanism,  and  take  a  tracing.  These 
vary  considerably  in  appearance  with  arterial  tension,  and  the 
amount  of  tissue  lying  between  the;  artery  and  tiie  surface, 
mostly,  however,  showing  a  rapid  rise  and  a  more  gradual  fall 
of  pressure,  the  middle  of  which  shows  a  secondary  wave  the 
Dicrotic  Have.     The  etfects  on  the  tracing  of  various  conditions. 
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e.g.  holding'  thn  breath,  may  be  tried,  <iIso  the  action  of  druf^s, 
such  as  aiiiyl  nitrite  or  nitroglycerin. 

The  Cardiograph. — The  usual  instrument  employed  is  tbat 
of  Marey.  It  consists  of  a  receiving  tambour  provided  with  a 
button,  which  is  placed  over  the  '  apex  l)eat,'  and  a  recording 
tambour  with  a  lever  bearing  a  writing-point,  which  traces  on 
a  smoived  drum.  A  tliick  walled  rubber  tube  connects  the  two, 
provided  with  a  valve,  so  that  the  air  pressure  in  the  system 
can  be  regulated. 

E.i-pcriiiicnt. — Feel  for  the  cardiac  impulse  in  the  tifth 
intercostal  space,  3-5  inches  from  the  middle  line.  It  varies 
somewhat  with  posture,  and  in  different  individuals.  It  is 
sometimes  exactly  behind  the  fifth  rib,  and  in  such  pi-rsons  a 
good  tracing  cannot  be  obtained.  Adjust  the  pressure  of  the 
button  (jn  the  chest  wall,  and  the  amount  of  air  in  the  iwo 
tambours,  until  the  best  excursion  of  the  lever  is  obtained,  and 
take  a  tracing  of  the  impulse. 
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LKSSOX    VIII 

(■(LNTHAHKiN  ,,!•  J.Iid./s  llK.UiT— .SJOgl' KMK  AN]i  lUlVTJlM  OK 
Jil-.ATS— 1  IKsr  AND  SiauM)  STANMLS  LKiATlItli  KITKCT 
OF    IIKAT    A.Ni)    CdlJ) 

l-:j-l>crii,unts.—Vith  u  frog  and  lay  it  on  its  back.  Remove 
tlif  skm  from  the  front  of  the  chest,  open  tlie  abdomen  and, 
cutting  upwards,  curefully  remove;  tlie  sternum.  Open  the 
pericardium  an<l  excise  tlie  whole  heart,  cutiing  through  t.he 
two  uortic  and  the  great  veins.  Examine  the  excised  heart. 
It  continues  to  beat  rliythmically,  the  contractions  beginning 
at  the  sinus  venosus,  the  aurich's  contracting  next,  and  lastly 
the  ventricle.  The  rhythm  therefore  is  sinus-auricles-ventricle. 
Proceed  to  record  the  beat  as  follows,  using  Gotch's  apparatus 
(1-ig.  Lm,  This  consists  essentially  of  a  small  glass  jar  with 
inlet  and  outlet  tubes,  a  shelf  of  cork  fits  stiflly  about  half-way 
down  the  jar,  and  is  pierced  to  allow  the  passage  of  a  brass  rod. 
To  the  upper  end  of  this  brass  rod  is  connected  the  recording 
lover. 

To  fix  the  heart  in  the  apparatus  the  tip  of  the  ventricle  is 
transfixed  by  a  bent  needle  or  fine  pin,  to  which  is  attached  a 
line  thread.  Another  pin  is  passed  through  the  aortu>,  the 
heart  is  fastened  to  tlie  cork  shelf  with  this,  and  the  thread  tied 
to  the  suspension  lever  The  glass  jar  is  then  filled  with 
Kinger-Lockes'  fluid.' 

Record  tile  movements  of  the  lever  on  a  slowly  moving 
drum.  Tlie  pin  fixing  the  heart  to  the  cork  plate  can  be 
passed  through  the  veins  instead  of  the  aorta'.  In  this  ause  the 
movements  of  the  sinus  and  auricles  are  recorded  as  \viil  as  the 
ventricle,  but  the  pn  paratioii  will  seldom  coutinuo  in  good  con- 
dition for  any  length  of  time. 

'  Tl.U  IliiHl  i^;  conipose.l  ol-.\„Cl  0  1;  C;iCl.  O-O'jr, ;  KCI  OIKW,-  NallCO 
U-UI;  Do5itro,-.c.U0.;;  walrr  loOOO  piits,  Tl,u  wau i'  imi=>t  U'  di.tilk..l  in  -lass' 
ai,i,ur,i.u.^',  a,ul  I..  I,v,.  frou.  Ml..  NallCO,  is  aa.l,.,!  iiinnalial.ly  b.toi.^u.c, 
nil  I  till  iluul  satuiiiled  with  owncu. 
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The  boat  of  the  heart  can  also  be  recorded  in  situ  in  the 
following  manner.  Prepare  the  pithed  frof,'  as  before.  When 
the  sternum  is  removed,  and  the  pericardium  opened,  pass  the 
bent  pin  and  thread  tliroiigh  tlie  ape.x  of  the  ventricle,  gently 
lift  up  the  heart  by  this  thread,  and  snip  through  the  frcenum. 
The  frog  is  now  laid  on  the  cork  plate,  p,  and  the  thread  is 


l''ui.  1">.  (iotch's  aiMiiuatiis  for  iboliilwl  fniK's  limit,  ii,  jiliiss  vessel ;  o  .ir.il  i, 
outlet  ami  inlet  tubes;  c,  shelf  of  cork;  v,  \entiicle;  L,  lever;  .v,  it.-j  rxle; 
1',  writing.'  point. 

* 

attached  to  the  simple  lever  (L)  as  in  the  illustration,  Fig.  lU. 
The  beat  is  recorded  on  the  drum  as  before. 

First  Stannius  Ligrature. — Take  a  tracing  as  described. 
Pass  a  thread  under  the  aortie,  bring  the  two  ends  to  the  front, 
and  tie  them  tightly  over  the  junction  between  the  sinus 
veiiosus  and  aiindes.     The  e.xact  I'liice  where  the  ligature  is  to 
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be  applied  is  marked  by  a  crcsontic  lino  a  little  ligliter  in  colour 
than  the  auricles  or  sinus.  Wlion  the  li^'ature  is  correctly 
applied  tlie  auricles  and  ventriele  usually  stop  beating  in 
diastole,  the  sinus  continuing  to  beat  at  the  previous  'rate. 
Leave   the   preparation  alone  for  a  minute  or  two.      If   tlie 
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I'l...  It).  -Siii.iilf  lieail  icver.     Tlu'  l.rail  pulls  a-aiii.t  tli...  Sl.lill^•,  s,  ;,v  moans 
of  t'-i'  tliivad,  T. 

Standstill  is  not  complete,  apply  a  second  li^'ature  u  little  nearer 
to  tlie  auricles,  if  this  is  not  successful  tukd  another  heart. 

Set  up  the  apparatus  for  rccnrdinf,'  a  sin-le  muscle  twitch 
(as  m  l■"]<,^  10),  hut  leaving  the  drum  out  of  the  circuit,  placing 
the  exciting  electrodes  on  the  surface  of  the  ventricle.  It 
wdl  respond  t(j  each  induction  shock  with  a  singh;  contraction. 
"-- -  '•••■■  ■■"••■    rLi.a.oiic  ui  im.-  cuivc.     \  ary  li.e  .-^iiLiigth  oi 
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stiunilus,  and  noU;  tliat  the  ventricle  f,'iv(!.s  either  a.  maximum 
contriiction  or  none     the  luurt  heat  is  '  all  or  nothing;.' 

The  Stair-case. — A^'ain  leav(!  the  preparation  untouched 
for  two  or  thrc^e  minutes.  Jte-arran^^e  the  circuit  so  as  to 
apply  sinj,'le  induction  shocks  hy  hand.  Then  excite  the 
ventricle  by  shocks  repeated  at  regidar  intervals — say  every  four 
or  five  seconds.  The  successive  contractions  of  the  ventricle  will 
he  each  a  little  greater  than  tlie  last,  up  to  ahout  the  fifth  or 
sixth  contraction  —  the  so-called  'stair-ease.'  This  gradual 
increase  of  nsponsc  to  a  maximal  excitation  is  found  in  all 
the  tissues  of  the  hody  so  far  as  they  have  heen  investigated.' 

The  Second  Stannius  Ligature.  If  ihi:  preparation  has 
remained  so  long  without  heating  spontaneously  it  can  be  used 
for  a  fhial  experiment.  'J'ie  a  thread  tightly  around  the 
aia-iculo-ventricular  junclion  the  second  Stannius  ligature. 
The  ventricle  will  then  commence  to  beat  rhythmically,  the 
auricles  remaining  quiescent. 

Effects  of  Heat  and  Cold.  -Malvc  a  fresh  preparation,  using 
tl  ■!  Oxford  apparatus.     (I''ig.  J-">.| 

Keccjrd  the  cimtractions  im  a  slowly  revolving  drum,  the 
heart  l)eing  nnmersed  in  Jiin^^er's  fluid  at  room  temperature. 
Next  allow  liinger's  fluid  which  has  been  cooled  at  -F  to  How 
through  the  apparatus  and  note  the  dill'erence  in  the  record. 
When  the  record  has  become  even  again,  change  the  cooled 
solution  for  some  which  has  been  warmed  to  'J-V,  and  note  the 
alteration  in  the  rhythm  of  the  beats. 

'  It  dots  not  occur  if  tlie  tissue  li.i,-,  lnvu  lucviouaiy  iutcd  u'l  l.y  iitropine. 
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LESSON    IX 

I-Kdg's    UKAKt  -KlFiaiT   OF    MISCAKINE       AlKoriNK  — 
riLOCAlU'lNE— DIUITALINE— VAULS— MCOTINli     -JilLE 

Muscarine  and  Atropine,  liecord  the  beats  of  a  frog's 
heart  as  iii  tlie  previous  lesson.  At  a  convenient  point  in  the 
tracing  apply  a  fe\^■  drops  of  Ui  per  cent.'  solution  of  muscarine 
and  observe  that  botli  the  rate  and  force  of  the  contractions 
dimmish,  tiie  heart  finally  coming  to  a  stand-still  m  diastole. 
A  very  strong  stimulus  either  electrical  or  mechanical  will  be 
required  to  make  the  heart  l)eat  in  this  condition.  When  this 
njsult  has  been  obtained,  bathe  the  lieart  in  a  few  drops  of 
00  per  cent,  solution  of  atropine.  The  heart  will  gradually 
begin  to  beat  again,  usually  more  forcibly  and  more  rapidly 
than  at  first. 

Pilocarpine  and  Atropine.— Take  a  fresh  heart  and  repeat 
the  previous  experiment,  using  U.")  per  cent,  solution  of  pilo- 
carpine nitrate.  The  action  closely  resembles  that  of  muscarine. 
Apply  atropine  ;  the  heart  beats  again. 

Dig-italine.— Take  a  fresh  heart  and  apply  0-1  per  cent, 
solution  of  Digitalint!.  The  heart  becomes  slower  in  rhythm 
and  contracts  to  smaller  dimensions  in  systole,  while  it  does  not 
dilate  so  fully  in  diastole.  The  ventricle  is  therefore  whiter 
during  systole  than  before.  The  heart  remains  contracted  longer 
and  relaxes  less  perfectly  than  before,  so  that  the  rhythm  is 
slower. 

Later,  relaxation  becomes  still  more  imperfect,  and  the 
ventricle  may  only  relax  once  for  every  two  relaxations  of  the 
auiieles,  and  finally  it  sti)ps  in  systole.  The  auricles  stop  also  : 
as  iliey  are  nua\,\v.  to  empty  them.selves  into  the  contracted 
ventricle  they  are  distended  with  blood.  If  the  vagus  centre  in 
the  medulla  is  intact  these  events  may  at  first  be  complicated 
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Ijy  11  sslowiii;;  ami  dilution  of  tlio  ventricle,  duo  to  the  uclioii  of 
the  vii;4ii:). 

The  VagfUS. — Pith  a  fioj^.  l^eniove  tlu'  skin  from  the  front 
ui  the  chest,  ciil  throu;,'h  the  clavicles  on  either  side  and  remove 
the  sternum,  taking,'  care  not  to  injure  the  structures  htlow  in 
so  doinj,'.  Cut  thri)Uf,'h  the  platysma  myoides  very  cautiously. 
J\emovc  the  threads  of  connective  tissue  from  the  ant,'ie  of  the 
jaw,  when  the  thin  strip  of  the  jielru-hyoid  nuiseie  will  be 
seen.  This  nmsele  arises  from  the  base  of  the  skull,  and  is 
inserted  into  ihi'  posterior  cornu  of  the  hyoid  bone,  and  is  the 


Fi(i.  17.-  Tlif  coiirsi'  iiinl  iilatiuiis  oi  tlir  vat,'0-syiii|iialiftic  in  llic  fro;.'.  (Attn- 
liiiMlic.)  V,  Vii^,'iis  ;  i\  piiliuoii:iiy  biiinch;  r.  cui(li;u'  linuicli  ;  i.,  liirjn^i'ul 
biaiiili;  II.  liyiiuglo^bul ;  i.v,  glubaupharyngL'iU ;  A,  ciuotitl  urtui  y  ;  rii,  pttiu- 
liyoiil  muscle. 


^uide  to  the  vagus  nerve  (see  Fig.  17).  Crossing  the  muscle  and 
running  forwards  will  be  seen  two  nerves,  the  glosso-pharygneal 
and  the  hy[niglossal,  the  latter  the  more  mesially  placed  of  the 
two.  Along  the  lower  border  of  the  muscle  run  three  structures. 
From  above  downwards  these  are — 1.  the  lingual  nerve ;  'J,  the 
carotid  artery  ;  '.],  the  vagus.  Remove  a  little  of  the  lilmy  con- 
nective tissue  surrounding  these  structures,  and  isolate  the  vagus 
as  far  as  [)ossil)le,  taking  great  care  not  to  damage  it.  i'ass  a 
lino  silk  thread  aroimd  the  nerve,  tie  it  as  high  u])  as  ])0ssible 
and  cut  through  the  nerve  above  the  ligature.     Three  or  tour 
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millimetres  of  tiervc  can  bu  isolated  in  tliis  way.  Si)ociftl  care 
must  1.0  tiiiven  not  to  stretcii  Die  nerve.  Ki move  the  fiof;  to 
the  frog  plate  and  record  the  heat  of  the  heart  hy  the  su.speiision 
method  (Kig.  K;,  p.  .|0).  I'lace  th.^  n.rve  on  a  pair  of  fine 
pointed  electn.des,  and  stimulate!  with  tcianising  shocks. 

According  to  the  strength  of  the  stimulus,  tlie  iieart  will 
be  slowed,  or  will  stop  in  diastole.  Wlu'n  the  stimulus  eeases, 
the  heart  wdl  often  heat  more  rai.i.lly  and  more  forcibly  than 
b>f.,re.  Tile  student  will  note  that  in  this  experiment  he  has 
been  stnnulatmg  the  combined  va-o-sympatlietic  trunk. 

Nicotine,— Apply  a  few  drops  of  01  p.r  cent,  solution  of 
nicotine.  The  elleet  on  the  beat  is  usually  to  causi^  first  a 
slig'hl  ,wing,  and  later  on  a  slight  ineiease  in  both  rate  and 
1  ..'e  of  beat. 

Stimulate  the  vagus.  No  stopping  ,.r  weakening  of  the 
beat  IS  seen.  Usually  there  is  a  sligiit  angmentor  elleet  due  to 
the  sympathetic  fibres.  Stimulate  the  sinus  directly.  A 
typical  stand-still  follows.  Apply  atropine  to  tlu'  heart.  Vagus 
stimulation  has  naturally  the  same  result  as  before;  stimilla- 
tion  of  the  sinus  now  produces  no  stoppage. 

Bile.— To  any  of  the  hearts  that  are  still  beating  apply  the 
bile  obtained  from  the  gall  bladder.  The  beats  will  rapidly 
dimmish  111  force  and  rate,  an.l  the  luart  will  stop  in  systole 
The  same  clfect,  ditl'ering  only  in  drgrcv,  is  to  W-.  seen  in 
patients  sullering  from  jaundice;  it  is  mainlv  due  to  the  bile 
salts. 
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LESSON   X 

Till'.    cnU'I'LATION    IN    A    ni'.CAl'ri'Al  I'D    AMMAI.       l;l/)lil) 
I'liKSSriiK   -KI'l'KCT    OI'    ADHKNAI.l.N 

If  wlicn  111  aiiiinal  is  killed  i)y  drcapitatinn,  tho  carotid  and 
vortebral  arlorit'S  bo  lij^'atiircd  so  as  to  prevent  the  wlmlo  of 
the  blood  in  the  liody  drainiiit:  away,  the  heart  \sill  j,'o  on 
boatinf,',  and  siililieieiu  eircnlalion  may  be  niaintaine(l  in  the 
liiuder  parts  of  tlie  earease,  to  preserve  tho  vitality  of  its  tissues 
for  s<!ver,il  hours.  Under  these  conditions,  these  tissues  may 
be  made  the  subject  of  (>\perimeiit  in  the  same  way  as  a  froi^'s 
nerve-muscle  preparation.  It  is  ni'cessary,  of  course,  to  main- 
tain the  dui>  aeration  of  the  blood  by  rhythmically  l)lowinf,'  up 
the  luufjs  with  air  (artificial  respiration),  and  can;  must  be 
takiui  to  keep  the  tissues  at  the  normal  l)ody  temperature. 
For  this  purpose  tlie  carcase  is  fixed  on  a  tin  box,  which  is 
warmed  by  means  of  an  electric  lamp  in  its  interior,  and  the 
air  which  is  pumped  into  the  hu]f,'s  by  means  of  a  i)eilows  is 
also  warmed  before  it  (Miters  the  trachea. 

Tlie  animal  is  killed  under  chloroform  or  ether  ancesthesio, 
and  artificial  respiration  arranj^ed  by  the  demonstrator.  \\'ith 
a  scalpel  make  an  incision  two  inches  loii^'  in  the  middle  line 
of  the  neck,  be^inninf,'  at  the  point  at  which  the  tube  is  tied 
into  the  trachea.  ])i\idi!  the  connective  tissue  beneath  the 
incision,  exposini,'  the  inner  niarj^'ins  of  tho  two  sterno-mastoid 
muscles.  Pull  the  ri^ht  sterno-mastoid  aside,  dividing  the 
connective  tissue  if  necessary.  At  tlu;  bottom  of  the  groove 
between  this  muscle  and  the  sterno-hyoid  and  sterno-thyroid 
muscles,  which  lie  immediately  on  tiie  trachea,  is  seen  the 
carotid  sheatli,  in  which  the  artery  may  be  seen  or  felt  to  be 
beating.  I'ick  ui)  the  carotid  sheath  with  forceps,  open  it,  and 
with  scissors  prolong  the  opening  upwards  and  dinvnwards. 
In  the  sam(>  \\ay  (that  is  to  say.  by  picking  up  the  connective 
tissue   ami    culling    it    witii    scissors)  free   the   carotid  artery 
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from    its    s,umnn.linf:s.     Lyinj,'  alon^nido    tho   carotirl    artorv 
NviM  bo  s,.on  two  norvos.  a  larger  wliitr  norvo,  tJu,  vhrus.  and  a 
thiniu'rn.Tv,.,som..w}mt,Mn,o  greyish  in  apix-amncMl,,.  .Tr- 
v.cal  sympatlu.tic.     T.e  a  tl.read  ronn.l  tho  va«us.  l..avi.,.r  tho 
(■".Is  long.     Knot  tho  on.ls.     Now  placo  two  throads  round  tho 
carotid  artory  about  thrco-q.iartors  of  an  inch  apart.     Tio  tho 
ono  noamst  tho  head    with  a  donbio    knot,  loavin^  tb.-  on.ls 
on^.     Ih.'so  shoul.l  ho  knottod.     Tio  tho  oth.u-  throad  si„,r|v 
l.|av,nK  ,t  looKo.     With  tho  loose  hKatnro  pi.^k  up  th.,  artory  and' 
clan.p  ,t  as  n.-ar  tho  h.-art  as  possil.lo,  with  a  pair  of  bull-do- 
foroops.     Now    holding  tho  arfry  up  by  n.oans  of  tho  uppoi- 
thread  (wluoh  has  boon  tied  tightly),  snip  a  small  oponin.-  ,n  it 
with  a  pair  of  fi„o  scissors.     Into  this  oponing  insort  a  .•.mnula 
(iM-an<;ois-i<ranck)  of  th..  form  shown  in  th,>  (igun- 

Now  oonnoot  tho  sido  tube  of  tho  oannula  by  n.oans  of  a 
thiok-WMllod  rubber  tube  to  the  open  end  of' a  n.rrcurial 
nianonKfr.    bavni«    previously   filjod    tb..    tube    throu-h    tho 

<nid  tube  of    th(!  cannula  with 
.saturate<l       soditnn       sulphate 
solution.     Arran;;<!  tho  float  in 
tho     manoniotor    so    that     its 
upper   end    will    write    on    the 
blackoncil  surface  of  the  dnnii, 
the  drum  beiiij,'  set  to  move  at 
'1  ^''^"'  i-ato  (1  nun.  per  second). 
W  ith  a  synn<re  mje.t  sodium  sulphate  solution  into  the  e.innula 
Mud  tube,  until  there  is  a  pressure  in  the  system  of  100  mm  If- 
(4   iiuh.sn   as  jud-ed    from    tho   dilfeivnee   in    hei-bts  „f    th^ 
mercury  m  the  two  limbs  of  the  manometer.     Ch.mip  the  end 
tube,  an.l  ivlea.,.  the  clamp  on  the  art.ny.     Th..  mercury  will 
.li-.>i.  till  It  shows  a  pressure  of  about  CO  mm.  FI^'.  an.l  will 
oscillate  about  this  pressure,  rising  and  falling  with  e'ieh  heart- 
iioat,  as  well  as  with  the  respiratory  movement. 

Allow  the  drum  to  r..yolve,  and  take  a  tra.Mu..  of  the 
normal  bloo.l-pivssuiv.  Take  tracings  also  und.T  the  full,, win., 
conditions  : — 

(./)  Whij,.  stimulating  th,.  periplu-ral  end  of  the  ri-ht  va<'us 
with  a  laradic  curivnt.  Try  the  etlects  of  ditrerc.nt  stren.'ths 
of  stimulus.  " 

(/>)  St.^p  the  artificial  respiration.  If  the  spinal  cord  is  not 
t..o  much  depressed  by  the  removal  uf  the  high.t  parts  of  the 
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norvonH  syHteni,  a  rise  of  prossnro  iimy  lif  ()l)tiiini'(l,  iitt«'ii(lf(l 
with  spasmodic  niovcincnts  of  tlic!  innsclcH  as  a  ri'sult  of 
asphyxia.  When  the  pressure  h<  ;,'ins  to  full  by  reason  of  hi'iirt 
fiiilur<>,  pui,  on  the  artificial  respirution  ii^^iin. 

(<•)  Insert  the  tenuinals  of  the  exciting;  electrodes  into  the 
open  end  of  the  spinal  canal,  so  as  to  excite  the  vasomotor 
tracts  of  the  cord,  and  produce  },'eneriil  viiseulur  constriction. 

('/)  Inject  one  minim  of  adn'iuilin  solution  (l  in  1, ()()()) 
into  the  external  jugular  vein  hy  means  of  a  hypoderniii- 
syringe.  Kepeat  this  exp(>rimint  iifter  coni]ilel(  destruction  of 
the  cord  hy  passing  a  wire  down  the  spinal  canal. 
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LKSSOX     XI 

THK    A(  TION    OK     IIIK    111:  AUT— INHIlir  IDIi  V      \.S|)    A<(  i;i,i:iiAT()H 

Ni:ii\  i.s     iii;\i(  r  soiNiis 

Tliis  may  In-  stiidicd  in  tlic  curcasi-  of  a  dccaiiitatcil  cat  in 
which  the  vessels  of  the  iiocK  have  lieoii  hvatiiifil  as  described 
in  the  last  Ic'sson.  >rak('  a  lon^'itiidinal  iiirisinn  in  the  middle 
line  iilonfjthi:  'vholc  leiij^lh  of  the  sternum  ;  ilicn.  kccpuif,' care- 
fully in  tlic  middle  line,  with  a  pair  of  Ktron<,'  scissors  or  l)on(! 
forceps  cut  throu<,'h  the  chest  wall.  Care  mu^t  he  takm  not  to 
injure  tlie  internal  niammary  art.  ries.  If  any  vi:>s(l  is  injurei! 
it  must  he  at  once  dandled  with  a  i>air  of  artery  forc(  ps.  The 
two  sides  of  the  chest  wall  are  fastened  apart  hy  weij;hted  hooks, 
thu3  exposing  the  heart  with  its  pericardium.  I'ick  up  the 
pericardium  with  force^is,  open  it,  taking,'  care  not  to  wound 
the  heart,  and  continue  the  incision  alonj,'  the  whole  lenj^th  of  the 
heart.  Note  the  sequence  of  (events  in  the  cardiac  contractions, 
and  the  u'.ovement  of  the  ventricles  as  they  contract. 

Attach  the  right  auricle  and  the  apex  of  the  ventricle,  hy 
means  of  threads  with  hooks,  to  two  leveis,  \vriich  are  arrant;ed 
to  write  one  over  the  other  on  a  iilackened  siu'face.  If  any 
difficulty  is  experi(>nced  in  },'ettin^'  the  hhickened  surface 
sufliciently  near  to  the  carcase,  tlw  two  threads  from  the  auricle 
and  Ventricle  may  he  attached  lo  two  taUihours.  Fron)  these 
tambours  tubes  are  carried  to  two  other  tambours  provided  with 
levers  writing  on  the  drum.  (Note.— If  necessary,  the  record 
of  the  contractions  of  the  heart  may  i)e  omitteil,  the  studeiit 
trusting  to  ocular  inspection  for  detirmining  the  changes 
brought  about  by  the  stimulation  of  the  cardiac  nerves.) 

Inhibitory  nerves.  -  Hxpose  tin;  vagus  in  tlie  neck,  and 
stimulate  it  with  varying  stren^^ths  of  current.  Note  the 
change  in  rhythm  and  force  of  contraction  of  the  auricle,  and 
the  change  in  rhythm  of  the  ventricle.  The  incidence  of  the 
etfcct  on  the  two  ('avitics  niay  varv.  accordine  to  the  Rtrcn^th 
of  stimulus,  and  according  as  the  right  or  left  vagus  is  e.xcited. 
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I'rcss     M  the  iili.ldircn.  ;niJ  iiuli'  the  L'lvutt'r  aiiijilitiii!!'  <>(  tli.- 
rnntnii'tic: ,  lir()iii,'lil  ,;1miiiI  1(\  tin    iiuccascil  diastnlic   lillm^' of 

till'   llcMll    iMVllirS. 

Stimulation  of  ihe  Accelerator  Nerves.     '!'<>  i  \iin,,'  iln c 
iii-rvo,  |'ii|i;nr  ;  III    --\  nip  itln  1 1'    in  tli''  nrcK   ns   it    fuiis  ai    tlii' 

!i:lck  n[  till-  (■  ih'llil  -li''  all,  ah'l  I  !r  ;i.  |i-ailiri'  .i,i!li(l  it.  1  lii|,lin;4 
till'  li;^iiMirr   in    il'>    !■  fl    liaipl,  1 1  aic    tip     niivi'   limMi    inl'i  llic 

llmrav,  \\\,,  \;-  If  jiasv,  ■,  liillratll  lllr  lliicl  I  \  iail  Vi'in  'i'ii'  luu 
lil^almc-^  T'iiiikI  tills  M  s-.,a,  anl  liividi-  i'  lii'twiiai  tin'  lli'atlll(  ^. 
'I'lu'  siil)cliU'iaii  lilt'  I)  will  now  li.'  lApusiil.  Thr  cnvhal 
syiii|iatiii'tic  a|>|iar' ii!  ly  divi.lr-,  inl.i  1  wu  liriini'ln-,  a^  it  pa- -i -. 
I'liiind  till'  >iii','I  ivi  ui  ai'ii'iy,  and  liy  raisini.;  thr  '-iilu'las  ian 
a.ili  I'v,  llirsi'  lir.uirlii  '^.  \\  liiili  fiirni  t  lir  anniilii.^  of  \'it'iis>i  n^,  air 
st'i'ii  to  pii^N  ii:i.i  thr  ^ii'llatc  L;aiiL;liiin.  a  larL;r  ulnli'  ^'in^limi 
lyiii^'  111!  llic  n  I'k  .if  ilir  lifsi  rill  I'lmn  thr  aiimilu-;,  nf  tVi  mi  llu' 
(I'l'vira!  >\  inpat  h' lir  iiiinirJiati'l y  !ili"Vi',  t'.liivs  arr  i^ivrii  nil  tn 
till'  Iirai't.  'i'lii'  arrrlrraii'l'  tlliii  ■^  may  hi'  --tiniiilati'il  hy  plariliL; 
till'  ell  ('trmli'^  lindil"  Hill'  (If  Imtll   hlaiirlirs  > 'f   tlli>  iVIinillus.       All 

('ITt'(tt  (in  till'  liiyliiin  wniilil  unlv  he  imtril  if  tlic  hrarl  is  nut 
already  liraliiiL:  at  its  iiia\iiinini  iliytlini. 

Heart  Sounds.— ni-tonnni  fnnn  thf  lirart  till'  thrrals 
wliicli  have  1)1111  used  fill'  ii  .ordin;,'.  W'itii  tin'  hmamal 
stctliiisrii)!!'  iistrii  t'l  till'  s"  iii'is  lit  tlif  Inart,  and  ci'iiiiiiri' 
tlu'iii  witli  ihi'  sminds  In  aid  mi  listrnini;  to  yoiir  own  hia-rl  or 
that  of  a  li  ii  iid 

\\'itli  a  pair  of  scissors  cut  ll  roii;^di  tlii'  lar_'i'  vriii^  and 
iirtcrirs  wiiicli  mti  r  and  Iravr  tin  Inait.  liifl  tin'  Inarl  mit  of 
till'  ell  -t,  111  ti  ilail  It-  lasitiis  >till  connniir  to  hriu  ill  or'liily 
Ki'iiui'iici'.  Now  li-^trii  to  till'  Inart  a'^jaiii,  plai'iiiL;  tlic  cinl  cf 
till' sti  llio-i'  ppi'  diri  rtly  on  th'  vciilncli'.  'I'lic  >rron  1  sound 
will  he  foiin  1  to  liavo  di^apiirari'd,  hut  the  tirsl  sound  is  Niiy 
llttir  alti'ird,  althoUi;li  thn  eiivul'ltioll  tliriiU;;il  tin'  lii'art  has 
Ci'iisi'd.  'I'lii'  lirart-hral  j.;radually  ;,'i'ts  less  fniii'.riit  as  thr 
lirart  cools.  Without  waiiiiiL;  for  the  heats  to  conic  to  an  end. 
stimulate  the  ventricle  directly  with  strmi;,'  iiiterrupte  1  shocks. 
Till'  rli\tliinic  heat  ci-a^is,  and  the  heart  p.isses  into  ih  lirii/ni 
rardiy.  ill  wlii.'h  all  the  tihres  contract  irresju'cl  ive  of  each 
other.  In  the  iioriiial  animal  this  delirium  is  never  rcc'.veicl 
from,  it  is  the  cause  of  deatli  from  strong'  electric  s!nh-k>  or 
iiulilninu  stroi<e,  ami  may  ''iso  come  on  sjioiuaiieou-,iy  a>  a 
result  of  dls"asc  of  the  coroi  .  ry  arteries. 
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T.EKSON    XII 

VASO-MdTOU    SVSIKM       SYMl'ATIIKTIC  —  DKl'HKSSOl!  — 
Sl'LANCIIMC — ASPHYXIA  :    DKMO.NS  I'li  ATK  IN 

Function  of  the  Cervical  Sympathetic  Nerve.— I'oi  this 
purpose  a  wliitf  riil)l)it,  or  one  with  wliitf  ciiis,  sliould  he 
clioscii.  'i'ho  riil)l)it  is  auaisthetised  witli  ctlicr,  :uid  ii  sub- 
ciitiuu!()us  injection  of  chloral  hyiinite  (U-;")  <,'rs.  per  kilo). 
Miike  iin  incision  thret;  inches  lon<,'  in  thi;  nii<l(lle  line  of  the 
neck,  expose  the  trachea  and  ))ass  a  tliread  loosely  ronnd 
it,  so  that  tracheoloniy  may  ix;  performed  if  necessary  later. 
On  one  side  separates  the  slerno-mastoid  from  the  stc^rno-hyoid 
and  sterno-thyroid  nnisdes,  exposing'  in  this  way  the  carotid 
artery.     If  the  carotid  artery  he  now  lifted  np  hy  means  of  the 


I'm.  li).     The  ncivo^  in  tho  rabbit's  neck.     (After  Cvon.)     ViiK.,  vi»f.'iis  ;  Sup  Inr 
Hupirioi- liir>iif,',iil ;  S^mp.,  sjin|,alliitic  ;  l.'.ps.,  ilVims^.n  ;  ('ill    .irl..'ctti(itiil.    ' 

surroniidin<;  connective  tissue,  three;  nerves  will  he  seen  accom- 
pany in/4  it :  1 ,  a  larf,n^  white  nerve,  the  va^jus  ;  '2,  a  smaller  <,'reyish 
nerve  lying  at  the  hack  of  the  artery,  the  cervical  sympathetic  ; 
M,  a  very  small  white  nerve,  the  depressor  nerve.  If  this  were 
traced  up,  it  would  he  found  to  connect  at  the  upper  part  of  the 
neck  Iiy  two  hranches  with  the  trunk  of  the  va;,'us,  and  with  the 
superior  laryn;,'eal  nerve.  Do  not,  however,  try  to  dissect  it  at 
this  stat,'e.  J'ass  a  line  silk  thread  loosely  roimd  each  of  the 
three  nerves.  Now  tic  a  thread  ti^jhtly  round  the  sympathetic 
nerve,  and  divide  tlu;  nerve  on  th.;  heart  side  of  the  li-jature. 
On  holding  up  the  I'ars  of  the  rahhil,  the  ves.sels  of  tlu'  ear  on 
the  side  in  which  the  sympathetic  has  heen  cut  will  he  seen  to 
!>e  tlilated  ;to  i-unipand  with  thoso  of  tht;  ui.poMlc  side.  Wfnle 
the  oars  are  heing  held  up,  lift  the  cut  end  of  the  sympathetic 
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out  of  th(>  wouiifl,  and  stininlato  it  with  a  Faradic  current.  Tlio 
V(!ss('ls  will  Ik:  siu'M  at  once  to  contract,  so  that  tho  wluilo  <'ar 
boconu'S  bloddlcss  as  conipan'd  with  tlic  opposite  side.  Note 
also  tho.  chan^ios  in  tcmpcraturo  cau.sed  hy  these  vascular 
chanf;es. 

Function  of  the  Depressor  Nerve.-  On  tlio  side  on  which 

the  sympathetic  has  heen  cut  insert  a  ciMiniilu  into  the  carotid 
artery,  and  connect  it  with  a  nianonietei  .so  as  to  record  tiie 
hiood  pressure  on  a  lvyniof,'raph.  AVhile  taking'  the  hlond 
pressure  tic  li^'aturos  ti^'htly  round  hoth  depressnr  nerves.  A 
slif^ht  teniporarv  fiill  i>f  hlood  pressure  may  lie  hrnnt,dit  al)ont, 
hut  no  lastiii},'  effect  will  l)e  prodiiccil.  Now  stmnilate  the 
central  end  of  either  de)>ressor  with  a  fniily  strong'  i''aradic 
current.  Note  the  fall  in  the  hlooil  jiressure,  and  mIso  the 
decrease  in  the  frequency  nf  the  heart  heats.  'l'h(>  full  mi-ht 
he  due  to  reflex  cardiac  inhihition  or  to  retlex  dil;iti()n  i>f  the 
hluod  vessels.  Ni-w  divide  huth  va^i  and  stiimdate  the  <le- 
nrossor  a^ain.  A  fall  of  ]iressuro  occurs  as  hefore,  hut  there 
,  no  chant,'c  in  the  treiiuency  of  the  heart  hcits,  showinr;  that 
the  chief  part  of  th(^  lnweriuf,'  of  hiood  pr(>ssure  is  due  to  rellex 
vaso-diiatior 

Function  of  the  Splanchnic  Nerve.— Open  the  abdomen  in 
the  middle  line  and  expose  the  splanchnic  nerve  on  one  side,  as 
it  jiasscs  from  the  cms  of  the  diaphragm  to  the  semilunar 
^'aii<,'lion.  Lit,'ature  th(i  nerve,  cut  it  and  jdact?  it  on  shielded 
electrodes.  'I'akc  another  record  of  tlu;  blood  pressuri!  and 
while  doiuj,'  so,  stinndate  the  splanchnic  electrically.  Nute  the 
rise  in  the  blood  pressure,  due  to  vaso-constriction  m  tiie 
abdominal  viscera.  IJepeat  the  experiment  wilii  the  abdonun 
open.  Note  tin;  pallor  of  the  intistiu(>s  produced  dining  the 
constrictiiiu. 

Effect  of  Sensory  Stimulus. —'i'he  animal  heinj,'  thorou^'hly 
antrsthetisod  with  chloral,  inject  into  the  jugular  vein  suflicieiit 
curare  to  paralyse  the  skeletal  muscles.  Open  the  trachea, 
insci-t  a  cannula  aiul  start  artiticiiil  respinition.  I'Apose  an 
ordinary  sensory  lU'rve,  such  as  the  anterior  crural  or  sciatic 
nerve,  and  stimulate  its  central  i'IkI  while  reconlin;^  tlio  arterial 
blood  pressure.     Note  the  chan^'e  pm.luced. 

Asphyxia. — Stop  the  artificial  respiration,  and  note  idiauf^'es 
in  the  blood  jirossure  produced  by  asjihyxia.  ^VheM  the  blood 
pressure  has  been  le.liiced  nearly  t.)  /..ro.  oji,  n  the  chi  st,  and 
observti  the  dilated  condition  of  the  heart  cavitits. 
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LKSSON    XT  11 

DKMONSTKATION    OK    YASO-DILATdH    XKIIVKS 

A  (lof;  is  aiKTsthctisod  with  morpliia  and  A.C.K.  mixturo. 
Tlie  clionlo-liiifjiial  norvo  is  exposed,  cut,  and  pl-Kcd  upon 
sliieldod  cloetrodos,  as  doscribod  in  Lf^sson  XVI.  A  caninila 
is  inserted  into  the  sul)niaNillary  duct.  Now  prolong'  llie 
incision  from  its  liinder  end  outwards,  parallel  to  tlu'  rannis  of 
tlie  lower  jaw,  so  as  to  expose  the  lar^'o  veins  runniiif,'  over  the 
suitinaxillary  <,'land.  Tie  tlu'  internal  maxillarv  and  facial 
Veins,  on  a  level  with  tlie  anterior  honler  of  the  ^dand,  and  ti(( 
also  the  suhlin^'ua!  vein,  ahout  an  iiudi  p.'ripherally  to  its 
junction  with  the  facial  vein.  Tie  also  any  smaller  veins 
draininj,'  the  skin  and  superficial  tissues  into  the  vt'ins  already 
nil  iitioned.  The  vein  which  returns  all  the  hiood  from  th(> 
suhinaxillary  ^dand  is  somewhat  inconstant  in  ils  course,  hut 
in  most  cases  it  joins  one  of  the  veins  already  tied  on  its 
deeper  surface.  All  the  hlood  therefore  which  is  returning,' 
alon^'  these  tliree  veins  to  the  external  ju^'ular  vein  has  heeii 
shut  off  hy  the  li,;:;aturcs  except  tliat  coming'  from  the  sub- 
maxillary f,'land.  Now  inject,  intravenously,  a  solution  of 
hirudin  (1  centij,'ramme  per  kilo.1  to  render  the  l)lood  in- 
coauidable.  Insert  a  cannula  into  the  distal  I'ud  of  the 
external  jugular  vein  near  the  \nnni  where  the  internal  and 
external  maxillary  veins  join,  and  arrani,'e  the  end  of  tlu! 
cannula  so  that  the  blood  eomini,'  from  it  drops  on  to  a 
dro]!  recorder  (see  l'i<,'.  '2-2,  y.  (W).  Arrange  the  lever  of  the 
t;unliour  connected  with  the  drop  recorder  to  wiite  on  a 
hiaekeneil  surface.  A  time  marking  must  also  lie  tak(>n. 
liecord  the  flow  for  five  minutes. 

1.  Then  stimulato  the  chorda  tympani  and  note  tin- gre.it 
men  asc  in  the  velocity  of  tli(>  oulllow  of  thf  Mood. 

•J.  l';xpo>e  the  va^o->ynii)atli(  lie  in  tin  nick  of  ijie  same 
side,  and  while  recording  the  outflow  fmni  the  gland,  stimulate 
its  jieripheral  end.  Note  the  diminution  or  sometimes  com- 
plete stoppage  of  the  blooi],  due  to  vaso-constiietion. 

:!.  Kepeat  the  stimulation  of  the  (horda  tympani  after  a 
suilieieni  dose  of  atropin  iias  hei  11  adminisUred  lo  p;iral\sc  its 
secretory  fibres. 
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LE8S0N  XIV 

VASO-MoTDlt    SYSTEM       L'SK    OK    THl-:    I'LETIl VSMDUli.Vl'lI  — 
CAl'lLLAUV    cmtULATlUN    DE.MuNSXiiATIUNS 

111  invcsti-^iiliiij^  the  viiriations  in  the  bluod  sui)[)ly  to  any 
part  of  thu  body,  it  is  ncccssury  always  to  combino  witli  an 
observation  of  tho  local  changes,  a  record  of  the  general  blood 
pressure,  if  we  would  understand  the  part  played  by  local  and 
geneial   changes   respectively    in   producing  the   varialion    in 
local   blood    How.     The  aniesthetised    animal  (dog  or   cat)  is 
placed   on  its  belly.     An  incision  is  now  made  on  the    right 
side   four  inches  long,  half    inch    below  and    parallel    to   the 
last  rib.     Divide  the  superficial  connective  tissue,  securing  any 
vessels   which    may   be   cut,   and   expose    the  sheath    of   the 
erector  spiiue.     Open  the  sheath  by  incising  it  longitudinally, 
on  each  side  of  the  wound,  for  a  couple  of  inches,     lietract 
the  muscle  strongly  with  a  ijlunt  copper  spatula,  separating 
it  fr.nii  the  anterior  or  ventral  layer  of  the  sheath.     Open  the 
sheath  by  an  incision,  or  by  scratching   an    opening   into    it 
about  half  an  inch  long,  just  external  to  its  insertion  into  the 
transverse  processes,  taking  care  not  to  cut  the  last  dorsal  nerve 
and  artery.     It  is  sometimes  advantageous  to  doubly  ligature 
this  vessel    in    older  to  obtain  more   room.      Insert  the  two 
forefingers  into  the  opening  just  made,  and  enlarge  it  forcibly. 
On  pressing  the  kidmy,  which  will  be  thus  exposed,  downwards 
and  outwards,  the  suprarenal  gland  comes  into  vi(;w,  with  a 
vein    lying   superficial   to   it.     The    vein    is    thin    walled  and 
easily  lorn,  an  accident  which  puts  an  end  to  the  operation, 
liehind  this  vein,   running  from  tiie  suprarenal  gland  to  the 
cms,  of  the  diaphragm,  is  the  splanchnic  nerve.     This  should 
be  ligaiured  and  divided  as  near  as  possible  to  the  crus,  and 
theirplaced  on  shielded  electrodes.     The  wound  can  then  be 
sewn  up,  leaving  the  ends  of  the  electrodes  projecting.    Tmii  the 
animal    over.     Conned    the    carotid   artery  with  a    meicUiii! 
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niunometcr,  and  place  l)oth  va^i  on  threads  so  that  they  may 
be  tied  later.  Open  the  abdomen  in  the  middle  line.  Draw 
out  about  two  f.et  of  small  intestin<>.  Double  li-ature  the 
intestine  at  each  end  of  the  loop,  and  cut  it  between  tl.e 
ligatures,  aud  carry  the  incision  alonj;  the  mesenterv  as  far  as 
Its  attachiiK  lit  to  the  back  of  the  abdominal  cavity.  Now 
nitroduce  the  loop  of  intestine  into  the  intestinal  plethy.sino- 
^'ruph,  handr  i-  the  loop  as  little  as  possible.  Cover  the 
plethysmot;raph  with  a  f,diiss  plate,  making'  the  joints  tight  by 
means  of  vaseline.  Clamp  it  in  position,  so  as  to  avoid  kmking 
the  meseateric  vessels,  and  connect  it  by  rubber  tube  with 
a  piston  record.'r,  whidi  is  arranged  to  write  below  or  above 
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Fi...  -'0.     ScliafLi '.,  I'lctlivsiiiorrapli.     i,  box  (or  orKiui ;  li,  pibton 
ri'Lurilir  ;  i.,  kvci-. 

the  blood  pressure  manometer.  Kecord  the  simultaneous 
I'  lunges  in  the  volume  ,>f  the  intestine  and  in  the  general 
blood  pressure  produced  by  («)  stimulation  of  tlie  .splanchnic 
nerve,  (h)  stimulation  of  the  peripheral  end  of  either  vagus 
(c)  stmmlati  n  of  the  central  en.l  ul  either  vagus,  (d)  injection 
of  mcoiiiie,  (,)  injection  of  adrenalin. 

Capillary  Circulalion.-Kill  a  frog  by  destroying  its  brain 
iind  plug  thecmnialcavity  with  a  wooden  match  to  prevent  loss 
of  hlocd.  Wrap  the  frog  in  a  moist  cloth  and  fix  it  with  tape 
"11  a  board.  At  tlie  lower  end  of  this  board  is  a  small  round  hole 
Draw  one  of  the  hind  limbs  out  of  the  cloth,  tie  threads  round 
two  uf  the  toe.s,  and  fix  these  threads  in  notches  at  the  edge  of 
the  buaid  tio  a.-,  lu  e.xleiid  iiic  Web  belweeu  two  of  the  toes  just 
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over  the  opening,'  in  tlio  hoanl.  Place  the  board  on  the  stage 
of  the  microscope.  Kxiiniinf  the  web  with  a  low  power.  If 
the  blood  is  not  ciiruiatiiif,'  tluoufjh  the  smaller  vesKels  the  web 
has  probably  bcc^i  stretched  too  tit,'htly,  and  the  threads  must 
be  slightly  relaxed.  Then  examine  with  hi^jh  power.  Identify 
tlu!  arteries,  capillaries  and  veins,  noting,'  where  the  blood  is 
flowing  from  large  to  small  vessels,  and  where  it  is  flowing 
from  smaller  to  larger  vessels.  In  the  arteries  note  {(t)  the 
pulsating  stream,  (h)  the  rapid,  axial  stream  containing  the 
red  corpuscles  and  the  lighter  peripheral  zone  near  the  walls 
of  the  vessels.  In  a  snaall  vein  note  the  constant  stream, 
the  slower  current,  and  less  marked  peripheral  zone.  In  the 
capillaries  note  the  frequent  anastomoses,  the  two  difl'erent 
kinds  of  corpuscles,  the  elasticity  of  the  corpuscles,  and  their 
change  in  shap(!  when  passing  or  turning  a  corner,  and  the 
tendency  of  the  white  corpuscles  to  collect  towards  the  peri- 
phery of  the  vessel  and  to  adhere  to  its  walls. 

Inflammation. — Note  the  changes  in  the  circulation  after 
applying  an  irritant  .such  as  croton  oil  or  turpentine  to  the  skin. 
Of  chief  interest  among  the  phenomena  observed  is  that  known 
as  diapedesis,  namely,  the  emigration  of  the  white;  blood 
corpuscles  from  the  vessels.  These  changes  are  still  better  seen 
in  a  vessel  of  the  mesentery. 

(If  time  allows,  the  effects  of  stimulating  the  sciatic  nerve  on 
the  vessels  may  be  observed,  the  skeletal  muscles  having  been 
paralysed  by  a  previous  subcutaneous  injection  of  curari.  As 
the  sciatic  nerve  conducts  vaso-constrictor  fibres  to  the 
vessels,  stimulation  of  this  nerve  causes  the  arteries  to  diminisli 
in  size,  and  the  circulation  is  consequently  slowed,  or  even 
stopiied.) 
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iM.r  this  purposo  it  is  iK^ttor  t„  „s..  :i  ,1,,^.,  owin-  t„  the 
^.v;iUT  size  a.i.l  t.-n^-hiirss  „f  the  th,.ia.ir  ,i,ut  m  this'ani.nal 
It  IS  iiiia'stlicti>0(l  witii  iii,.q.hiii  iiii.l  with    A.C.I':   luixtiirc      A 
^•annula  is  phiml  ii,   the  l\.,n.,.al  artery,  a,ul  cvnn.ct..!  with  a 
luoivunal  ii.anuuR.tcr.     AMothtT  cannula  ,.s  placv.l  in  tl.t;  ri-ht 
Ji.-nlar  vcn  for  sul.s..,iin.t  inj.ctiun  nf  v;u-i„;,.  snl,..tano  s      Tu 
.xposr  the.  thoracif  ,li.a.  a  skin  inc-isiun  is  mad,., ;;  in.lus  Inn.- 
staitn,^'  from  a  i.,.,nt  at  tlu.  \„^u^v  hunicr  .,f  th..  n.c-k.  niKhva^;' 
iK'tuvcn  th.  top   of   the  st.nuuu  an,l  th.  p.,n,t    of    the    left 
^l.,.ul,  er,  an.l  prolonj^e.l   thence  up  the  iieek  to  the  level  of  tlu. 
cncoul  cartilaj,v.    The  connective  tissue  is  then  .livi,le,|.  until  the 
extenuil  jugular  vein  is  exposed.      J'rum  its  near  si.le  a  v.in 
will   be  seen  passin-  to  the  thvroid  ^.|an,l.  and  accompanied  by 
Ml.  artery.     Tiiese  vessels  aiv  double  li^.aturc.l  and  cut      The 
vein   ..  tlu.n  ladled  outwards  and  the  carotid  .sheath  .xposed 
(»lHn  the  sheath  by  picking-  up  the  connective  tissue  eomposin-. 
't  and  cuttniK  it  wuh  scs.ors,  takin^^  care  to  keep  oulsnle  the 
Mnall  internal  ,u^M.lar  vein,     insert  the  left  forelinj^Hr  into  the 
opening'  thus  made,  forcing,-  it  down  the  sheath  so  as  to  rai.se  it 
away  from  the  vessels.     The  n,.ht  fo.vlin.er  is  ins..rted  into 
the   same   openmt',  Tossed   down   so    as    to    press   the    vcs.seks 
-k.umvards  and  away  from  the  left  forefinger.     Keeping  the 
two  (,„.  ,    ,„  the  position  thus  imparted  to  them,  the  thoracic 
duct  will  be  seen  as  a  trai.slu.vnt.  colourless  vessel   pas.sin- 
"I'li'l'udy  a..ross  the  deeper  parts  of  the  w„und,  up  to  the  poinl 
where  the  le  t    oretm^.er  is  pre.sm,.  on  ,1,,.  connective  tissue 
and  lower  end  of  the  ju.n.lar  vein.     K.cp  the  left  fore^.n;,^.r  in 
Its  position.    \\  uh  fine  curved  forceps  slightly  separate  thc^duct 
n.m  Its  bed,  and  pass  under  it  a  fine   silk  h^.Uure  which  is 
lie.l.     A  little  lower  down  pa.ss  anotlier  silk  H-atu.-..    wi.;..|,  ;.• 
iu..seiy  i,ed  once.     Care  must  be  taken  not   to  dissec't  out  the 


^^^ 


■4^'¥i> 


^^ 


':':ii*W. 


■e^ts^sm^.as^^^^%i^m^:m' 


rUODUC'l'ION    OF    I,VMI'II 


ol 


wlmlc  (liu;t,  oUitrwisc  il  sliiivcls  up  iiiln  a  ilm'iiil  (liitclly  it  is 
()l)ciK!i1.  It  is  siiiiiily  ficiil  Ifoiii  its  lud  at  llic  jiarts  wlicri'  tlio 
lii,'atiir('S  aru  applitil.  iSdw  Ui\u-  llir  i^lar^s  c-aiimila,  luild  il  in 
tlio  iiioutli,  and  witii  a  sluui>  ]iair  of  bcishors  make  an  opening,'  in 
tlu;  iluct  lictuicn  the  two  li;,'alin<'^.  Tlir  lymph  at  once  rushes 
out  of  the  opening',  ami  Ijel'ore  tiie  duct  lias  time  to  collapse 
the  cannula  is  inseitcil.  An  assistant  tlicu  ties  the  loose 
li<,'iitui(;  aroiniil  the  cannula  so  as  to  secure  it.  Arranj^e  thi 
cannula  so  that  its  wei^'ht  does  not  kink  the  duet,  and  incline 
the  head  and  neck  of  the  animal  sli;4htly  to  one  ide  so  that 
the  lymph  Ihjws  away  readily. 

The  lyniiih  has  to  he  colltcted  in  ^^raduated  tid)es  holding,' 
10  ce.s,  and  the  iimount  is>um','  during'  each  ten  minutes  is 
measm'j'ci.  Note  the  lym[)h  How  under  th(.>  followiufj  circum- 
stances : 

1.   Normal. 

•J.    While  the  ahdnnieu  is  kneaded. 

.'i.  While  [lassive  movements  are  made  of  the  lower 
extremities. 

■1.  J)urin^'  ohstruelioii  of  the  purlal  vein. 
•V  Durin;,'  ohstruction  of  the  inferior  vena  cava.  (This  is 
eil'ected  hy  passing'  a  scjund  with  a  ruhher  halloon  tied  on  it 
down  the  left  jueular  vein  into  the  inferior  cava,  and  when 
in  position  distendiii;;  the  lialloon  hy  injecting  a  previously 
measured  (juaiitity  of  water.) 

t).   Intravenous  injection  of  a  hi'iled  e.\lract  of  leeches,  or  of 

niussils,  or  of  enmnurcial  peptone  (lirsl  class  of  lympha;_'ogues). 

7.  Intravenous  injection  of  a  strong   sohitioii  of  dextrose 

(:l()  g.   dextrosi'   dissolved   in    HO  ec.s  watirl,  (secoiul   class  of 

lymphago,L;uis  of  1  leidenhain). 
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LKSSON   XVI 

I'UVMOL.M.V    or    SAl.IVAKV    A.M.    I-ANCHKATIC    SKCHKTK.N  — 

JArNDICK 

Secretion  of  Saliva.  l)r,no„str„tio„.-Thv  main  factn 
uith  n.-.ird  t..  salivarv  .swivti..!,  can  l.o  i.iosl  lasily  demon- 
stnitcl  on  tlu"  si.l.inaxillaiy  -la,,,]  of  th.'  do<i.  Tl"„.  anin.al 
l)einj^_  ana.stli..i,s..,l  witl,  n.urphia  and  will.  cl>l..r„f„nn  or 
A.L  h.  luixtar...  a.i  nicision  is  liutd..  four  incl.fs  Ion-  in  the 
iiii.l<ll.^  Inio  fiuni  ..ppositc  ih...  canine  tool),  as  far  back  as  tfic 


I; 
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Uaniohyoid 


an-I.M.f  til.!  lower  jaw.  Tl„.  n.yln-liyoid  muscle  is  thus  exposed 
(  .11  carefully  across  ii,c  (ibres  ju.l  tnoM,.s,deof  ti.e  inid.lle  line 
iMkni-  care  not  to  nu'ise  tiic  -.nio-hyoid  muscle.  Turn  the  cut 
end  of  ihr  muscle  .nitwanls  and  vparate  the  subjacMit  struc- 
lu.v  u-on,  It  as  far  back  as  the  an^de  of  the  jaw.  Two  nerves 
will  th.ii  I.,-  s..,m  (s,M)  Im-.  21 1,  both  coiMin-  m  from  the  .leeper 
p.,.   ::[  tiie  wuuhd,  ;uid  ruiuni,^  up  lo  supply  the  anterior  part 
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of  till' t()ii;,'iic.  'l\\v  most  iintcriorof  tlicsc  i^  Iht.'  liri^^iiul  mrvc. 
Ill  till'  (Icc'i)  part  of  tlic  wound  the;  latter  will  be  sciii  to  t^ivc 
oil  iiackwiU'ds  a  small  branch,  tho  chorda  tyniimni  iicivc,  which 
runs  back  aloii^'  the  submaxillary  lUict  to  the  t;lariii.  I'ass  a 
ligature  round  the  lingual  nerve,  some  distance  behind  the  pouit 
at  which  it  gives  olt'  thechorda  tympani.  Tie  tho  ligature  tight 
and  cut  the  nervo  so  that  the  conjoint  clioido-lingual  lU'rve  cun 
be  lifted  up  for  stinndation.  Twoducts,  from  the  submaxillary 
and  relro-lingual  glands,  will  be  seen  crossing  the  lingual  nerve 
and  rnnnuig  to  the  anterior  extrennty  of  the  wound.  'I'he 
larger  of  these  is  the  subniaxillary  dtict.  I'ass  a  ligature  round 
this  duct  and  tie  it.  Now  stimulate  with  a  weak  I'aradic 
current  the  (dmrdo-lingual  nerve  for  a  few  sec:onds.  Secretion 
of  saliva  is  caused,  which  distends  the  duct  and  therefore  facili- 
tates its  further  maiiiiiulation.  Half  an  inch  behind  the  level 
of  the  first  lig-iture  clean  thiMluct  of  its  surrounding  connective 
tissue  and  pass  a  lij^ature  loosely  round  it.  Now  slimulati' 
again  for  a  few  seconds,  then  open  the  duct  between  the  two 
ligatures  and  while  the  saliva  is  flowing  from  the  wound  in  the 
lUict  instirt  a  cannula,  taking  care  not  to  push  tiie  latter 
between  the  duct  and  the  surrounding  connective  tissue.  The 
cannula  is  then  tied  iu. 

1.  Stimulate  the  chorda  tympani  for  fifteen  seconds  and 
measure  the  amount  of  saliva  produced  during  the  time  of 
stimulation,  and  during  the  subseiiuent  fifteen  seconds,  liepeal 
this  stimulation  several  times. 

"2.  l^Ixpose  the  vago-sympathetic  in  the  neck.  If  possible 
st'iiarate  the  vagus  from  the  sympathetic  tibres  and  pass  a  lig:i- 
ture  round  the  latter.  Now  stinmlate  the  head  end  of  the 
sympatlu'lic.     Note  the  eti'ect  on  the  secretion  of  saliva. 

;}.  Insert  a  cannula  in  the  carotid  artery,  and  connect  it 
with  a  mercurial  manometer  arranged  to  write  on  tlu^ 
blackened  surface  of  a  kymograph.  Connect  the  cannula  in 
the  submaxillary  duct  with  another  mercurial  manoniettr  of 
tine  bore,  and  arrange  this  latter  to  write  on  tlu'  kvniogiajih 
below  the  blood  pressure  record.  Now  stiinulate  the  peripheral 
t:iid  of  the  chorda  tympani  nerve  repeatedly,  for  periods  of  ten 
seconds  at  a  time.  Note  t.'iat  tlu;  mercury  in  the  manometer 
attached  to  tlu^  duct  rises  with  each  stimulation,  until  it  iua\ 
eo!!s.,h.!-h!y  ,.v, ■,.,■.!  <!,,.  s-VKsiin 
atlacheil  lo  llie  carotid  artery. 


indicate.!   by  !.!!■■   i!i;ii:---!iK-tcr 
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1.  Injict  I  or  -2  iiiillij,'raiumus  of  pilocaipitic,  im,!  note  tlio 
ellect  on  tlic  siilivury  secretin  an,]  on  thu  Mood  invhsurc 

;V  Inj.L't  10  or  i:,  niilli;,'niiriincs  of  iitroiiin.'.  Note  Hk; 
iiitiri!  cissution  of  ilic  salivary  sccrttioii,  atropine  acting'  aa  an 
antapuiist  to  pilocarpine. 

•  '..  Stimulate  the  chonia  tynipani  a^-aiii.  No  (.HVrt  is  pro- 
ilucc'd,  atropine  having'  paralyse,!  the  secntory  (ihres. 

7.  Stini  ilate  iliu  sympatlutic  af^-ain.  Asninll  etfV-t  may  bo 
pr,.,lnee,l,  owin^'  to  tluse  films  Ix  in^,'  more  resi.stai.t  t(.  the 
action  of  atropine  tlian  tliu^je  of  the  elionla  tyinpani. 

Pancreatic  Secretion.    Iknu.nstration.  ~\  doj,'  is  aiues- 
tlietised  with  morphia   an,l  A.C.I':,  mixture.     l'ut"a  cannula 
in  one  ju-ular  vein  f,ir    injection,  an.l    msert  a  cannula  into 
the  carotid  artiTv  for  Huhse,]Uent  c-iinection  with  a  mercurial 
manometer.     Open  the  ahdom,  n  l.y  an  mcision  in  the  middle 
lin.',  e.xtendinj,'  fn-m  the  ensiform  cartila^'c  to  the  umbilicus. 
The    mtestiiies    l.em<,'    expo.se,!,   find    the    spot    at    wiiieh    the 
upp.r  part  of  the  jejmmm  passes  back  to  be  attache,!   to  tlie 
posterior  wall  of  tlic  alnlominal  cavity,  whei-  it  becomes  con- 
tinu,.us   with    Ih.'  .luodemim.     I'ass  a  .loiibl.'  lij,'aturt'    round 
tlie  jejunum  at  this  p(jint.     Draw  out  about  two  feet  of  the 
j;ut    e\t(ii,linj,'    downwards  from    the  li<,'alure.      Tie  it  at  its 
lower  end,  and  tie  all  the  ves.sels  coaiuetiiif,'  the  separated  bit 
wall   tlie    body.     Now   cut   out  the  li-atured    ix.rtion  of   the 
-ut,    wasli    it    tlirou;,di    under    llie    tai),    open    it   and    scrape 
off   til,    mucous  nieml,raiie.     The  imieous  niembiane  is  then 
^'round   up  with  sand   l,>  a  paste,  a  few  .imps  of  0  1  per  ci'iit. 
liy.lrochioric  ,,,id   bem;,'  a.lded  to  the  shi,,!.     Now  add  to  the 
paste  alHKit  -JUOccsof  0  1  percent.  liydro(dilori.-  acid.    Transfer 
the  mixture  to  an  open  basin,  am!  raise  t,'  b-diii;,'  point  over 
a  llame.     When  liie  tltiid  is  actively  l^oilm-  add  a  solution  of 
caustic  >o.!a.  (Imp  by  drop,  until  the  mixture  is  almost  neutral, 
care  bein-  taken   t,.  end  with   the  lluid  just  on   tlie  acid  side! 
All   the  pn.teins  will  !je  coagulated,  and  on   taking,'  the  llame 
away  the  eoa^'iilum  will  sink  to  lli,>  l^ottoiu,  Kaviii;,'  t!i,^  super- 
natant lluid  clear.     Filter  tlie  fluid  oif  throiij,di  a  phiited  filter. 
In  this  way  a  solution  of  .-. ,yc//„  is  obtained.     Now  place  a 
tine  cannula  in  the  main  pancreatic  duct.     To  do  this  draw  tlie 
duodenum  out  of  the  abdominal  wound.     The  duodenum  will 

be  found    IviiiL'    t,)v.:irds    ili.'    K^.l.    ..f    ,1 i.i ,.     ^     ,i 

rii^hl  side,  and  will   be  at  once  recognised   by  the  presence  of 
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the  imncrt  as  in  its  im-  ntti'v.  In  the  (1o>,'  the  inuirr.  atic  .liict 
will  bf  foiiini  !■  issin>,'  ihm  li.  <iii(Mi.  mini,  iiin'Ul  Imlf  an  incii 
alxivc  llif  iioiiit  will  re  llir  i"\v.  lionl.  r  n{  tiic  ihuick  as  Ifavc- 
tlic  (liKidriiiini.  Tlif  liict  is  oiicn  ol)si'iir('il  liy  <<\\v  <>r  two 
siiiiill  V.  ssrls,  whicli  iiiii^l  Ihcii  l<  (loul)lt'  lii^iitiiitd  and  cut  in 
ordvx  to  rxpMM'  tin  duct.  A  li-at  lie  liciiij,'  )daccd  idoscly 
rniind  the  diu-t,  tlic  laid  r  is  opciUMl  as  cldsc  as  jhi-siMc  tn  tlic 
dii'dcniiiii,  I  (\iimnla  inserted  r.iid  tied  in.  TIk  cannula  is 
cDniu'ctcd  1  .  iuid)er  IuIh  with  a  narmw  '_;laNN  ImIm'  wliieli  i-^ 
carried  over  the  e(l;;c  of  ihe  lahlr.so  that  tlielliiid  cniiiii;  from 
it  may  drop  on  to  a  di.ip  recorder,  tlu!  excursions  of  which  are 
tran-initt.  d  hy  air  to  a  tnniiiour  writing  on  a  hlackeiie  1  surface, 
iiiiiiiiiliatclv  :ihove  the  iiurcuiial  innnoiiietei-  which  n  cords  tlie 
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blood  pressure  (see  Fi;,'.  -l-l).  It  is  advisalile  to  fill  this  tube  with 
water  at  the  lie^^inniiiL;  of  the  experiniont.  In  mo-t  cases  no 
spontaneous  Secretion  will  he  i.htnined  from  the  pan-'cas.  if  the 
cxperimenl  he  made  on  .lie  do.:  or  cat;  in  the  ra.iiiit  there 
is  as  a  rule  a  slow  secretion.  Inject  into  tlie  jugular  vein 
")  CCS  of  tlie  extiait made  I'li'in  the  mucous  metnhiane.  The 
injection  is  e,  nerally  iollowcd  almost  immi  Mtely  by  a  fall  ot 
blood  pressure,  ilu(>  to  the  presence  i  ''  depi  -or  substances  in 
tlie  extract,  .\fter  a  'itent  peried  oi  al".ui  sixty  seconds,  a 
secretion  of  p:incre:itic  juiei'  will  iie-m.  and  will  ln-t  for  live 
to  ten   mimite-..      l!y  repeating,'  the  iniecti    ii  the  Mention  of 

'     !       1     t  ...  ,     1 (',J]..,.t    (I... 

panrna;;c   jii;ce    ;;;;i;,   l;e  i-- pi  ;:i-:'-i   :•:•.:•}    <:■■■<'  >  <- 1    Ur- 

juici',  and  show  its  action  on  '-tarch.,  on  fat,  and  on  im'lein.    Note 
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ll'iU  it,  liMs  i.mrti.'Mllv  ,u.  arimn  ...,  prutrins,  ,-,,.  CI,,,,,  u.il.ss 
It  IS  ,nK,..|  u,i|,  s,u-,.,is  .  Mt„mMis.nr  with  son,.,  ui.l.nil,.!  .Mnirt 
<'f  ...L'stmal  .M„r„„s  iM..M,l.mn..  (.•..nt.iinin;;  tl.r  fmnrnt  ,„(,.■.,- 

KIllllsc). 

Ill  the  s.unr  aniin.il  a  cinnnla  i.iav  !.<•  in-.n,.,!   m  thr  I,||,. 
-In-U,  Ih..  rvstic -luot  1.,-inf,'  l.^atniv.!  to  pr.v.„t  anv  .•u„f,.Mon 
l..lw.vn    tl,..    l,i|..   K,vnt..,l    l.y  tlu.    hvvr.  an,l    tl.u    ulnrl, 
"UTrly  ..Np,.ll,.d    l,v  tl„.    j,Mll    M,i,|,l,.r.      N,„,.    ,|,;„    „,  ..„„„,v- 
'ilslll.rtlon    tn    tl,,.    ,,an,-.v;itir    j„u-.,  tl,..  ^,.nvl,^„   of    l.il,.    ,s 
'•""lynious.     Inj.rt  ........s  s.rn.tiii.  an.l   mo|,.,1,.„    ,1„.  sr,-,vi,n„ 

"I  l'i!«.  IS  iiiricisnl  tWfifold. 

Production  of  Jaundice.  i:ii,.  is  s.rr..t,.l  „„.i.,-  v,.,v  luu 
p.vssm-,..  Any  ol.sfni.-lion  to  its  tlow  .-ansrs  it  to  pass  into  tl,.. 
yn.p hatirs  of  tl,..  Iiv..r.an.l  tluM.ro  into  th..  jr,.n..rai  rimilati.,,, 

l.y  will..),   ,t    is  ,ani,.,!    to  all    parts  of    tl„.    u,  ,„•„ .j„„ 

J^^'""'" f    "'"    '*--'"'>*.  'tn.l   tl,.-    pr.s.n....  of    |„l..    salts    „n.l 

Pii,'n...nl  ,n  ll„.  „rin...  Tl,..  ..as,,  will,  u|,id,  this  h^.k  ah- 
sorpti..n  tak,>s  pla,.,.  can  1...  shown  l.v  .■onn.'rlin..  a  h.„-.n.. 
••nntainin-  a  s,,|nlion  of  in.li-o  carmine,  with  th,-  .annnla  in 
t...  hil..  duct.  rn.l.T  the  pn.ssnr..  of  th..  tini.l  in  th..  hun.tt,. 
th,.  in.h^r,,  carinino  passes  hack  into  tlio  bil<;  .liu-t  an.l  into  the 
yinphatics  of  the  hv..r.  wh,.nc.>  it  is  carri..,!  all  ovvr  th.. 
l'o.ly  I  his  ,s  prov.^1  hy  tj...  hh...int;  of  th..  -i.nis  and  nn.c.i.s 
•"•■>id,ran..s  whi.h  is  ..yi.lent  shortly  af...r  th..  .-oloinin.'  n.a.t.r 
lias  h....,,  .IIOW...1  to  flow  i.-o  the  hil,.  .i,„.t.  (f  ,1,.,  animal  h,. 
...>w  kill.-d  the  lyn,pl,ali,.s  of  th..  Iiv.r  wdl  l„.  f,„n„l  till.,!  u,il, 
'•1""'  Muid,  showing'  th..  path  that  has  h,,.,,  i:,k.  n  hy  ih,.  lall.r 
HI  Its  iilisorplhui. 


rl^^Mi^  ' 


'rJ^'p:-'- 


•frTA^-i. 


^J^dbl 


«;:« 


(■(INI'll  AC  I  l()\    III 
\Hi\  IMI  \|S 


iSSdN   X\ll 

MiscM,     en. I  \it\    Ml  i\  i,\ii  \  I 

M    \l     II  IN    I    I     --I    IM     ■^ 


,r  V  i\\  is  :, 


I     Up    tln'    (r;iliK    lii\(i- 

\r\iV    ;i     piece   nf    the 

,  ;is    |-i  c.  ilMliii  liileil    li\ 

ii\  iiiL'  (Iniiii,  simmliitiii.; 

^liiick-<,       Ciiliipiire   tile 

iniiscle  t\\ iifli.     Stimu- 
li ■,  and  note  stiiircii>e  ctVect. 
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Contract io' I  .  '  .. 

t^lapli,  MS  III 

Iducr  jMiitii    .  .1 

Wiiller.     T  11 

tlu'  innscli'  ■  1  !> 

rcsuliiii},'  rt'coi  '   w    . 

latf  sevcriil  times  ,t  i^ 

Stimiiliitf  iinint^iliiii 

and  (il)st'rvt'  the  suiiuu...  i,. 

Ciliary  movement.— ritli  a  (ro^;  imd  divide  tlH>  lower  juw  m 
tlu!  iiiiddlt'  line  i'aiivii)j,'  the  incision  Imckwards  tlironj,di  tlic 
jiliarynx  and  (i'soi>lia<,'us.  l'l:icc  the  IVo^'  on  its  liacli,  and 
fasK'n  iiack  the  flaiis  with  pins.  Moisten  the  siiilnce  with 
normal  saline.  i'lacc  a  small  jiirce  of  cork  on  tlic  anterior 
part  of  tile  jialate,  and  oliserve  how  it  tiavi  Is  slouiy  towanU 
the  comniencenient  nf  the  (i'sopliat;iis. 

Ohserve  the  time  taken  to  travel  A  mm.  Apjily  warm  suit 
solution  anil  ohserve  the  .icceleratioii  produciil. 

To  see  the  ciliary  motion  dinctl.-,  examine  shiils  of  the 
miicons  memhrane  from  the  palate  under  tlie  mirroscnpe  in 
normal  saline. 

The  larpt^  cilia  on  tlie  eillsof  the  niiisse'  r  oyster  ave  very 
well  adapted  to  show  ciliary  movrinent.  !f  an  oyster  he 
kept  lyiii^;  with   the  concave  shell  downwards,  it  will  remain 

alive  for  a  InnL,'  time.     Snip  otT  small  ) 'es  of  the  eiUs   mid 

tease  them  <,'eiuly  in   some  of  the  tliiid   from   the  oyst(  r"s  own 
shell,  cover  and  examine  with  low  and  hi^di  powers. 

Movements  of  the  {Esophagus,  'i'ia-  timr  r.  i.ni.n-  ..f 
the  movements  of  the  u-soplia^Us  can   he  studied  hy  listening,' 
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tlirouf;h  a  stitlioscopc  to  the  soiind-^  iiniducoil  l)j' swiillow  ii;,'. 
Two  or  tliifi;  ()l)S('rv(rs  ciiii  listen  willi  tlic  stcllioscopr  at 
difft^rciit  imiiits,  wliilc  one  stiultiit  swiillow;,.  Wlicn  a  iiioutliful 
of  water  is  swallowed,  two  sounds  iirc  produc.'d.  'I'lic  first 
sound  is  sharp  ami  short ;  and  is  ht-anl  most  loudly  when  th<« 
stcthoscopo  is  plac<d  under  the  cliin.  it  is  less  loud  in  the 
front  of  the  neck,  and  can  he  heard  with  diminished  intensity 
over  the  spine  from  the  up|ier  eervieal  to  the  lumhar  region. 
It  is  prohahly  due  t"  the  imjiuet  of  the  fluid  a-^'ain-t  the 
post(>ri()r  pharvM^'eal  umII,  l>rnui;ht  iihout  hy  the  sudden  eon- 
traction  of  the  mylo-hy.'id  muscle,  ,\]\>\  mnrks  ihiiefi.re  the 
he^;inniii^'  of  ihe  mt  of  di  ^'Jut  itimi. 

The  second  sound  is  inani  hcsi  in  t  he  cpiLMstriuni.  or  iilonj,' 
the  left  costal  margin.  When  iIk  ]ii  rson  oli>cived  swiilio.vs 
in  the  upii^ht  position,  the  -ouml.  \\hi<h  is  of  a  lricklin<; 
character,  lasts  hctweeii  two  and  tliree  si'cunds.  It  lie<,'ins 
from  four  to  ten  seconds  after  the  first  sound,  this  hcin^'  tlie 
time  reipiired  for  the  |.assa-e  of  the  wave  of  contraction  down 
the  (es(>pha;^'us  If  the  ohservrd  person  is  lyinj,'  on  his  hack, 
the  sint,de  trickle  is  replaced  hy  ii  series  of  sounds  which  are 
loud  and  may  he  desciiJH  d  as  si|uirts. 

Movements  of  the  Stomach.— Tin  sc  may  !.<■  ohs.  rv<  d  in  a 
cat  whiih  has  hern  f(  (1  on  iiK  ad  and  milk  containing'  hismuth 
suhnitrate,  hy  means  of  th<'  lu'iut^^'en  rays.  They  are  also, 
however,  well  shown  on  the  intact  rahhit.     Tlic  lahhit  receives 

a  lar^'e  meal  of  j^reen  f 1.  so  as  to  distciiil  the  slouiaidi.     On 

placing'  it  on  .^.s  hack  in  a  IrMU-h,  it  will  ;,'eiicrally  lie  perfectly 
ipiit  t.  It  slioidd  not  1m'  tied  down  nor  ana'sthc  tiscd.  On 
oliservin^'  the  surface  of  the  ahdomeii  after,  if  neeessarv, 
cuttinu'  the  hairs  or  moi-fe'iiin;,'  them  so  that  they  may  lie  dat 
on  the  skin,  the  successive  waves  of  eoiuiMction  ti.iMilin;,' 
from  ahout  the  middle  of  the  stomach  towards  the  p\  loiiis  are 

Jierfectly  cMilellt. 

Movements  of  the  Intestines.  l>nnon-triiti,m.  —  'I'he 
niovenii  nts  of  the  intestines,  and  their  innervation,  imu  lie 
shown  on  an  ana- 1  lieli-.!  d  animal,  pre  I'eralily  a  clo;^',  'I'lie 
animal  I,  viii;,'  heeii  aiia-ihetised,  li.ith  splaiK  hnie  mrve-^  are 
divided,  and  one  of  tin  m  i->  placid  on  ileclrod.s:  hoih  vau'i  are 
placi-il  on  li-atiU'  '-.  hut  |.  Ii  int:ici.  'i'he  hodv  of  ||i<'  animal  is 
till  n  iniim  ise  I  ni  a  tank  tilled  with  wiiiii  nininil  '-alt  -olution. 

Note   the  cliaiaeter    of    I  he   III' i\  i  Im  I  i  I  s    oj     the    I  lite-^t  ihe-.         'i'lie 
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writliitij,'  of  tlio  iiitf'stiiii's  is  diu;  to  tin-  rliythiiiic  onntractiniis 
iift'cctiii;,'  1)(  til  coats,  causing;  altrratioii  in  the  Iimini  as  well  as 
varying;  i-iirvatiiri's  of  (lit't'cniit  coils.  MalM'  a  small  oj^'niiij,'  in 
tlio  iiit<'stini'  at  any  point  and  insert  a  nirtal  tiiin',  over  thf  end 
of  wliicli  a  riil)l)ia'  balloon  is  tiuil.  Tin'  nilihi  r  l)a]loon  is 
distemliMl  with  :iir  under  pressure,  and  is  eoiinected  tiiroii;;Ii  a 
manometer,  or  tliroii;,'li  two  lutlhs  eonlaininj^  water  I'mt  the 
maintonancti  of  the  pressin'e,  with  a  jiiston  reeoriler. 

((/)  Keeoid  tiie  rhvtlimic  eontraetious  of  the  t,'iit  which  r.  cur 
aliout  twelve  lime-,  a  minute. 

(/))  I'lMch  the  intestine  just  iieinW  tln'  illlloon.  Not'  the 
au'jnientation  of  the  contraction^,  whii-li  may  ani'umt  to  a 
lonj,'  continued  contraction  of  the  intestinal  wail,  immediately 
surroundiriL,'  the  hallooii, 

{!■)  I'mch  the  intestine  ;i  lew  inches  aliove  the  halloon. 
NMe  tile  imnie(li;ite  iiihiiutii'n  of  conli-acii-iii-,  and  relaxatii'ti 
of  the  intotmal  wall. 

{■h  Simnilate  tin-  splanchnic  ni  rve.  The  contr.icM'ns  are 
irdiihited. 

u)  Cut  and  stimulate  one  of  tin'  vajus  nerves,  'i'heii  m.iN 
lie  an  in-.|,int  inhiiiitii'M  of  the  cmitraclions,  lulldwcd  hy  ,in 
au^nii  niation.  \'er\-  dften  this  elh  i-t  is  not  ohtamed  a!  tin 
tirsi  trial,  hut  hccunn  s  uiiehially  niore  pninnuni-cd  as  the 
excitation  is  n  [nati d. 

( /')  HemoVe  the  halloon.  OpUl  the  ilitestille  at  two  place--, 
and  into  the  u|>per  opening;  insert  a  small  I  all  of  initun  woiil 
niuistened  with  soft  snap.  Note  the  st|-.'li_'  ci  ■liliact  li 'M  im- 
mediately al">Ve  the  hohi>,  which  travi  I-  railu.iily  down,  and 
fmally  drives  the  holus  out  at   the   \i>\\vy  (  nd  ■  d'  the   -c  ;4uii  iil 

of  eilt. 

[I/)   'I'rN' to  reintroduce  thr  hnhi-   frnm   tlu-  Imver  npiniu^. 

'idlls  wdl  ill'  fnlllld  to  he  ill;|'. ---lidi'  cpWlli-  t'l  llle  --trnn'.; 
colltiactiuil  aho\e  till  .i|Hlillr_;  eXcltid  l'\  tlie  ple--m-i'  id'  the 
holu~. 

I\  I I'f  rnii'  !il .      liiiliier--,     a     piei f    -iiiall     iiite>lnii'    takiii 

fri'iii  till  cat  or  lahiiil.  uiinicdiairlx  afli  r  llic  .ininial  lia--  iieeii 
killed,  into  a  iia^in  id  l;iiii_;ii'--  llnid.  wliudi  i--  kipt  at  a 
temperature  nf  :17  .  an  i   il edi    uhiih   a  curii  ni    ■■!   ii\\l;iii 

IS  alliiWid  t'l  huhlile  -iii\\l\.  Afli  r  two  or  llili  .■  liiimilis  the 
mteslille    will    he    seell    111    huXilmllt.        'Tih     niii\emellls    liclir 

rei'ularh.    and    alticl    liolh    Iniujtu.iinal     and    circular    ci-at- 
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f)f)     A  TEXTHOOK  OF  EXPEItlMKNTAI,  PHYSIOLOGY 

Tlio  contractioiif;  of  tlic  foriiiiT  ciiiisi;  luiidiii^  of  the  loops  ; 
of  tlie  latter,  constriction  of  the  linnoii.  ^^'itll  the  fnif^prs 
liincli  t;''"^'y  "'*'  iiiitlillf  of  the  looji.  A  contnu'tion  is 
obscrvi'il  to  l)c<;in  just  ii]){)v<',  i.r.  on  tlic  onil  side  of  t.]\o  jioiiit 
stiniulatcil.  Tliis  contraction  increases  in  intensity  for  ii  few 
seconds,  and  then  j,'radnaliy  dies  away.  It  may  Ix'  siiccrcdcd 
l>y  a  second  or  tlnril.  In  some  cases  it  ji.isscs  slowly  dnwn  the 
f,'ul.  Kejieat  tVie  i  speriment,  and  while  the  contra'tion  is  still 
well  marked,  ]iinch  t!i"  <i\tt  at  its  upper  end,  /.'.  two  or  three 
inches  ahovc  the  conlracte(l  point.  'I'lie  \\hole  of  the  <,'nt 
helow  the  point  at  whicli  the  second  pinch  is  appli<'d  is  seen 
to  relax.  I'l'he  'law  of  the  inle-tine-'  is  that  stinuilation  at 
any  piiirit  caii-es  (Miitrac  ti'iii  aiiove  and  inhihitidii  heloW  the 
stimulated  puim.) 
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I\Nr,l!V\TIiiN    (>!■    l'i;i,\l(      Vl^'t  |;i;a 

l''or  llii^  pirpiisi'  ;i  cat  may  1)''  ii->r(i,  ai!H'Slliciis(  il  wi'.h  :\ 
lart,'!'  (iosr  (if  ui-iahaii''.  ^[al<|'  an  ini.-i>iiin  ilir.c  iii<-lic^  Ihhl.' 
ill  till'  iiiiiliUt'  line  III'  till'  aliiliiiiiiMi  iiiiiiii  iiuli  l\  o\iv  tlir 
syiii]ili\sis  )iiiliN.  (''It  tlinuiuli  till'  syiniiliy^i^,  aiiil  wiili  a 
blunt  iii^tniniiiil  fm-rilily  sr|iaiMtc  llic  l\\<<  -iilcs  nf  ilir  |Mlvis. 
'I'lii'  iicritonrum  slioiiM  iiut  Ik-  opnii  1.  Inti-n.hi--i-  tlir  li  It 
fiin'liiiL,'fr  iiitii  till'  wiiiitiil,  and  M'pai'atr  ilir  [n  ritmii mil  ami  ll;c 
111  hill"!'  fiMiii  till'  siili-  ii[  ihc  jic'lvis,  cxpii-^iii;^  .  ,  sacral  |il('Xiis, 
At  the  bottiini  i)f  the  woiimi  a  small  artt  fy  ami  vein  will 
\h:  seen  riinniii'.;  ffiiiii  witliniit  inuanl-^  lowariis  tli(!  rcctiiiu. 
Acciimpaiiyint,'  these  vcss.'ls  is  a  sin;ill  niT\c  nt'tcii  ilniililr.  tlir 
iicrvus  ciiLjciis,  of  pelvic  visceral  ihtm'.  Sr|iarali  il  fi'mii  the 
Vessels,  til'  ain!  imU  it  as  utir  as   possihl-  to  il^  niiuiii  fru'.u  the 

plexus,  M.11.1  [llai'C  it  on  sireldi'il  electrodes.  Allow  the  VISl'era 
to   fall    haidv    into    po>itioil,    leavin<4    one    end    i>i    (  aeli    rlertl-iide 

piMJectiiit,'  from  the  wouml.  Open  the  aliiloinen  hy  e\i(  it  liiiu 
the  fir^t   uu'ision   upwards,  and.   Iioldin.;  the  iiiie-,tines  t  i   the 

I'ildlt     side    of     the    ahdolllell,    cxiioie     the     inrerii'T     ineseiili  fie 

aiteiv.  liviiij,'  on  this  art  ry  close  to  its  oiiLiin  lioiii  the 
aorta  is  a  i^'aii^^lioii,  the  mfei'ii.r  iiii'^i  nterie  ;,'anL.'lioii,  and 
riinnine  ilownwards  troiii  the  ;,'an;,'lii)ii  in  the  me-ii-reciiim 
are    two    nerves,    the     hypo^'astric     iiirses.      (Hi     ih,  ^,'    and 

put     lliein     alsii     on      electrodes.         Stilieihite      tir.->l      the     pelvic 

\i-reral  iierve.  and,  secondly,  the  h\|in:ja-tne   iii  i  \e-.  ;ind  note 

ihe   (  It    ,-t    oil    the     lal-ee     illti-tlll.     and     oil     llie    hhidl.r.       Care 

shimll  lie  taken  to  exp^i^e  the  vi-iera  a^  Intle  as  pn-^^iMe 
diiniie  1  he  opil  ati\e  nianipulatio!!,  and  w  111  II  ■  \pi  i-eij  lo  Ui  i  p 
theiii    waiin   hy   means    m(    thiiiii-  U  wrune    ,iiit    nl     hot   -alme 

solul  lull. 

d'iie  eiVi  li-,  e  .iv  he  made  more  ap]  aii  lit  to  a  lare,>  audience, 
l)\  iii-ertiiiL'  iiilihi  r  lialloiiii--  thleujli  tiie  iiiilhri  and  anils 
iii'e  the   hl.idder  and    rectum   re-peel  i\ e!\ ,  and  ii '.;i>l' rmu    the 

mnVeniillls    .,f    the    wail-     of     llu-e    MsCelM      hy    ei  U  l  Ilert  111  L.'     the 

Inlliiiiiis  \\!ih  reC'  riiiiie  tanihuur- 
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Volume  of  Air  Breathed. — In  iiohhhI  i.  ~|iiiMtiiiii,  m 
(let.  niiiiiiiiL;  till'  \iiluiiit'  iif  iiir  iM^|iiri'il  and  (Apinil  lU  cacli 
ri'^lMratiiHi,  it  i^  iiiiiM.rtaiil  I"  |>fiiliinL;  llic  rNpirinirni  lor  sonic 
liiiic,  in  .rilcr  in  ulitaiii  iin  :i\.  ra;^!'  i|iian!itv  anil  tn  lcs--cn 
xariati' 'lis  i)cca--ii)iii  il  liy  v.ilunlary  intri-!Vi't  iicr  wiili  tlir  aiitn- 
iiial  !■•  ]<r<r,-,  ■--, 

i'.  I jK  I  iiin  III -^ -  -ut\  All  i'liliiiar\'  fac(  -|iifC('.  sllfli  a>  is  llM'd 
f.-r   the   a.liiiiiii-tialaiii   nl    niirdUs  (i\i.li,  i-  littiil    Willi   a    tiilic, 

111      wiiuli       i^       allarlii'il      tlic 
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aiTallL.'-  Iiiiiit     III     val\rs    >lii)S\Il 
III   I'l-.  •l-\. 

(II     lIlc    laci-jiirci'    I-    lliil     at 

,  liaml   til"  till"'.  1!.  i-ail   lie  In  1.1   ill 

I  111'  luoiilli,  rc-jiirat  loii    iIiiiiiiliIi 
till-  iiii^tnU  Ik  ini:   iiivvriitid  liv 

1  .,,       T.\      CI,    ,,\...  1      v.h.-.        liH.  ■  ■ 

-I  .1.  Ill     n    11..    1;  1..II   h    1.,    i!;i        claiMplll;,'      til.        latter      With      a 
in-i.iP   I    a.i     |.,i     .       1!.    l'\     I.    Ili         rillij       n     i  ■     (•..ini.  it.  .1      with    a 

.  \| i  .'111  i'>  ■■  ' 

._;  1  .      111.  Ill'  III.       |ii  r--.  ill      ( A- 

1,,,,  jliu.i  |,  il  ,M!  inav  III  -latc.l  i-.iliil.i!  lai  l\  111  arhar.  ali.l 
ih.  t.ilal  vmIiuii.  .1  air  In.  a-iln.i  i'mI  i-  iii-|'ir.  .1  I..  I\s..n 
th,'  M.-..I1.I  aaiil  lliii.l  iiiinnl.  -  afur  lli.'  h.-.j  iiiiiiiiLJ  ..[  lln' 
,\|ii  riiii.ail.  'I'll.  1  lal  v.^lniii.-  .'t'  :iir  ].  i^-iii;:  inl.i  lli.'  liinu-- 
.hiriii'.:  till'  iiiiiinl.'.  .liM.liil  !)>•  ih<'  niiinhi  r  ,,[  r. -i.irati.ni-- 
|,  I-  iiMiiiil.  .  Will  ■  IV.'  llii'  avir.i-.  \i  iililali.'ii  .f  ih.'  hmus 
ihil  illL'  ll.illiii.l  I.  ~]'iraii  m,  lla^.i-c  ill.  .1  •  ti.lal  air'  Ili-i.a.l  nf 
.■i.iihiin-  ill.'  r.-)iirati"!i-.  til.  i.-]iiiat. 'iv  im  iv.  in.  nt  -  may  he 
HCi'liicil  .111  a   liruin   1>\   .'lit'  I'l   ill'    liiclli'  .1-  .1.  --imIk.I  h.l.iu. 
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(h)  'I'hc  Vital  capacity,  tlic  supplonicntal  air.  anil  the  cnm- 
idenit'iital  air  imisl  luxl  \>t:  iiKiisinvil  hy  iiicans  of  a  spiro- 
meter. In  tlie  first  plav>'  the  siil)]ect  of  tile  experiment 
empties  his  lung's  to  tln'  utim'st  into  the  s|,iroiiieter.  after  he 

has  taken   the  ilerprsl    |i(is--iliie    in>pilllt  l"|| .       The  s|ip|)lcMlintal 

iiir  is  iiieasureti  L\  hit  athiii;,'  into  the  spir.nieter  at  the  emi  of 
a  normal  expiiatimi.  T"  measni<'  einupli  iik'UmI  air  the 
s[iirometer  i-  tiist  tilli'il  with  onlnnny  ;iir.  ;in(l  the  siihjeet  (ills 
his  liin;,'s  to  the  iitiiK  st  fruin  the  spiivjiiK  ti  r  when  he  lias 
coiii[]lete(l  a  norinal  iiispir;iti"ii. 

Chemical  Changes  in  the  Air  Breathed.— co   rroiluction 

of   CO,. 

Two  hi'ttlcs  eonliiinillL:  hiil\l,i  snhllii'ii  ;ni(;ieh  lilleil  witll 
two  tnhes,  cilie  of  wlli'il  illp--  lirlnW  tiie  ^lllfjce  of  ihr  tlllid. 
The  ma^k  and  valves  aln  iuly  ilc-enlicd  are  fitted  In  the  suhject 
of  the  expirillli  Mt,  ;il)d  tlie  two  tilht-  of  the  faee-pi' ce  :ire 
coniieeli  d  with  iIm'  li^ltie-  in  >n(d:  ii  way  that  the  inspired  air 
passes  in  tiiroii;,di  om  Imttle,  ami  the  expired  air  out  throii^^h 
the  otlu  r.  r.aiiiiiii  carhonale  is  foriueil  in  each  holtle,  hut 
the  preripitati  i^  slowly  formed  and  small  in  amount  in  the 
inlet  Imttlr.  while  ill  ilir  ouiht  liottle  theCe  is  a  lar;;e  ;iiid 
rapid  f'  iiiiatinii,  .sliuwin',;  the  much  ;^reater  amount  of  ('< »_ 
in  the  ixpiied  air,  pr. »hicrd  hy  c)xidatioii  of  carhoii  in  the 
hody. 

(I>)  .\iialysis  of  inspired  luul  expind  air. 

'I'll  analy-e  iii^jiired  air.  /.''.  '  rdinary  atmospheiif  air,  the 
hull  ti' .  i;  ( I'i;;. -J  1',  1-  tiisl  tilled   wiih   wabr  hy  means  of  the 

llllie,    •  The    pincheork.    0.    hrill;:    closed,    r,    is    lowiifd.    and 

linn   h\    op,  Hill-     till'    (a)ck.   T.   IS    alloWtd    to  till   Willi    air    to    the 

mark  Inn  on  tin  --ealo.  The  cock  i--  tien  close  i.  can'  heim; 
taken  that  lu  |o|-,'  .  |o-mu  the  cock  the  tlmd  in  the  two  tuhes, 
(i  and  i:,  i--  'U  the  ^ame  level,  A  spi  ■  m  n  of  expired  air  can 
',.e  ohtaUK  d  111  the  same  way,  li\  coiiiiecliiiu'  the  iiiouth  Willi 
the  to[)  of  the  tuhe,  and  then   openin;4  the  laick. 

Till'  air  la.nta.ined  in  the  hiinlte  ha-  now  to  he  analysed  hy 

t'Xpo-me    u   to    the    successive    aclloll    of    leauellts    in     Ilelnpir^ 

ea>  pipettes,  which  will  ah-orh  tir-t  the  CO..  and  afterwards 
tlie().  I'lefoie  heeiiinine  the  anal_\ -i~,  the  linr<  tie  should  he 
lefi  to  Ntaiid  lor  >oiiie  little  time.  -.1  that  the  ea-,  ill  it  may 
acipiire  ihi'  teiiipeiMture  of  the  -ai  roimdiim  air.  and  at  this 
temper.ituie  the  exact  volume  of  the  e^^  is  tiiially  measured  .it 
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atiiiospheric  pivssiirc,  by  lowering,'  <;  so  that  the  lovcls  of  the 
(luid  in  the  two  tubes  arc  tlic  same. 

'I'lii-  liisi  sicj,  is  to  (Ictciiiiiiic  what  is  |irfs<'iit.  For  tliis 
purpo-c  a  ^'as  jupctti'  (■(iiilaii)in^'  stidii;,'  sodium  or  potassimii 
hydiatf  sohilioii  i-  t  iiijiloyt'd. 


Ki...  -Jl.      Ilini|.ir     ;a-.  iiiial\-i-  a|.|Mialii-.      IIim  i  ipliiiii  in  l(  xt. 


A    -inipll'   flllll    of     Ih  lllpl   1'    pij  (  tt<     i^   sllnWll    111    l-'|n.    'J  | 

TliiM'   arc   lill(i'   witli    tin    .,1 -.  iln  nl.   -n    il;;,i    tin-   bulb  a 
icliiiiiiis  (  lii|'lv      'J'hi    ;ip|.:ilath>    i^    i\>'\\    ,,i  r:ii;^id   as  slmw  ii  ill 

tllr    IlliUlV,        'I'l;,'   ,,|  111    ,  lul    ,,[   ill,.    blinUc    1^   ((illlKC  till    with    till' 

I'lili'    !;    1  i  !!;>    -.i-   1  ii'<  Iti  ,  !._\   nil  all-   of  a   ca[iil!an   tubt .      'l\, 
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do  this.  iiisiTt  tlic  <  apillury   Uili.,   i,   in    the    rul)lu  r  tube,  i) 
(HCI1411I,  l>.  ;■)■">).     Slip  a  puce  of  nililni-  tiihiii;.',  alumt  2  feet 
Ion-,  over  tlif  end  (if  A,  and  lluii  holding'  F  in  the  thigtrs  i)t 
th(!    nt,dit    liiind    und    i>rissin^'    llir    nililjcr    tulji',    H,  iMtwoon 
tlu^    tiiundi  iind  tlir  tirst  two  lin^^tis  of  tlu^  Irft  liand,  LIdw 
tlinin;:li  tlif  nililtt  r  tidn'   dU  A.  until   the  iLjuid  in  the  iiiiitllo 
iisi>   ti)   near   th.    end    nf    llu'  caiMllary,   F.     'Idun  insiit  tlu: 
tnd    of    th.     caiMllaiv    \v.    P.       If    this    is    innji.  rly    done,   thu 
air    (•iitd..Md    in    thf    caiiillary   >hMuld  not  mcuo    nmrc  than 
:,  to   Kt   nun.   of    It-,    iini:ili,   aiul    the    \ohinif    may   tlun  ho 
disiT^aidi  d,    -iiiic   tin    irror   ari-.iii-   tluii  fnmi   i->  only  ahoiit 
t)U:>    crni.       It,   h-wi-MT,    a    ^ivatir    air    volunic    ai'^x  ais    m 
Ihi'    L-aiidlny   tuhc,    1     sl^  uld    h.     >li[>ind    iiil    >■(    l>,  and    the 
oitcratioii   1,  [Mated.      When   the   i>ii)elte  and   huntte  havt    thus 
liei-ii    conn.- ted,    th.'    pinehcock    l>    is    ojn  n.-d,   and   thr   level- 
ling'    tuhe     f.     1-    slowly    raiseil.       'I'he    ^;a>    1-    thus    illivell    oVef 
into    ttie    [liiietlr.      Watri-     I-,     allowed     to    llow    'hnai^h    th. 
ea[)i!lan,   r,   until   it    jn-t    rearlus  tin-    loj.    of    the   lir-t    lailh, 
The     iiinelicek     at    i<    is     th.  n     i;l.)sed.       'I'h.'     u'a-     is     now 
eludose<l    lutwiell    iwo    voluiue-.    of   li.ini.l,    the    ah^oihelit    on 
one   side    and   the    wal.  I-   m    the  eapillaiy  on   the  .ther.     The 
.',is  IS  allnwed   to   stand  in   euiitact   with   th.'   ahsoiheiu   uiilil 
the    constituent    t..    le    removed    has    heell  entirely    ilh>ol'l)ed. 
The   levelling'  tiihe  i-.  then  ;4rasi..  d   iie.u    the   top   with  th.'  left 
hand,  and    hrou;4ht    int.i  a   lower  iio^ilioii   than  that  tueiipied 
hy   tlie    huii'tte,   1;.       Tile     i.ineheoek    at    n    is    then     o[ii'ne.l, 
and  the  ;;as   i>  diavvii   hack   into  tiie   hurette,  the  liquid   m   the 
pijiettt     hein;,'    allowed   to   nse   t.i  i  \actly    the    same   point    at 
whieh   It   on-iiially   stood   in    1.      'I'he   pineheoek  at   !■  i^,   then 
el.i^ed,  F  is  wilhdtawn  from  1>,  and   liie  a' idinj^  of  thr  1.  inain- 
ini,'  ;^as  voliim.    in   ih.'  Imrette   is  ma.lr   in   llu    maiiii.  r  al'ove 
deserihed.      'I'he  i> .-,.'(  volume  1-   e.plal    t'.    the   am  lUiit  of  C( )_ 
eoiitaineil  in  the  mix'  hit. 

'I'o  delei'imn.'  the  ( ),  another  llempels  pipctt.'  i--  madt'  use 
of,  ('.illtainin;^  ^tlek-,  of  \,lli>W  [.li.isph  I'lis  imiiielsed  ill  water. 
This  is  ('.iiineetei  with  ih.  hunll.'  n^  h.fore,  and  the  -as 
driven  ov.'i'  iit.i  ihi-  pi^.  tie.  .Mur  standinu  M)  iiiniuu -.  the 
•^as  is  ri'luniei  i.i  ih.'  Itui.  tie.  aii.l  one.-  more  imasured.  The 
unah.^oil).  ,1  ;;as  ei'ii--:>t^  >>l  nill.'^.'Il. 

Composition  of  Alveolar  Air.--\  -ampl.'  ot  Mlveolar  .ur 
m.iv  Ih  oLlauiid  r-..u-h:;   hy  e..^iiim.'lin^  the  ^a-,  huretie  wiih  a 
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'J'-l"l't' I' ind  of  wliiih  JN  licl.l  III   the  iiinntli.     Th,.  liurfttc 

Ixiii^'  filled  with  Wilt,  r  and  its  1114.,  r  end  ciaiiiixd.  the  obsoiv.r 
l)rc,itlits  (Jill,  tly  Ihrniij,')!  th<'  fnc  md  of  the  T-tiih.'.  At  the 
•  lid  of  ii  iiMiinal  .Niiiiation.  he  then  ehlliii.s  the  oth.T  eiul 
of  the  tllh.'.  while  his  eollea-lle  lo\\<is  llir  n  m  rvoir  A  iilld 
nl.asrs  the  elaiiip  of  |li,.  jiimtte.  lie  tli.  Ii  <'oMlilHles  to 
-  iMI>ly  his  luii-s  into  th..  hiinile  until  h.  has  ohtanidl  KlOec. 
of  j,Ms.  'I'he  htiivtte  i-  then  .lamped,  lift  for  a  lime.  !ind  the 
Volume  ae.inately  m.asiired  at  ainiospheiie  |irissiire.  'I'h.; 
aiialy-is  of  the  ^^-as  is  then  carried  .)ut  in  the  same  way  as  that 
of  normal  .'Siiir.d  air. 
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hi:ss()N  x.\ 

loi  \i.    lii.Ni'iii  A  iniiv    i,\(ii\N';i.     1.1  ii;(  I    di'    iM.iKisi: — iti;- 

SllliAlnllV     !\(n\N".l-:     IN      \    SMAI.I      MAM.MM.       lill'l.CT     ill' 

■ir.Mi'i;ii  \Tt  lii:— 11  i.si;-iii;si'iiiAii(iN  u  \  i  m 
Total  Respiratory  Exchangfe.-    Tlic  tctiil  ()uti)iit  of  CO, 

fliiriii;^   ;i    vliiiit    iicrind   dl    liiin'    iii;i>     In'    ilt'lrriiiiiifil    by    tlic 
luiMMi'i  nil  III  >lii'\\n  ill  l*'iL:.  "J-"). 


H2504 

I'll.,  'i'l.     App.iiatii^  111  r.cii..l  ti.lil  CO.  (.iit|Mit  ill  niiiii  f.n  -IkhI  pfiii"!-. 
M.  iiiii~k  .  \ .  i  liiiiniMii  Mihr. 

'I'llr    ^tllllllll     X,\\l,l)    slllllllH>    llllllsrlf     1(1     iili-t'l-MltHHI,     li;iH 
titli'll  MK  i.'liisciy  ;i>  Jiossililc  Ii>    lil>    fllcc    a    flirt-). liri'    t'ltti  li    with 

ViiKr-.    'i'lif  niiilti  lulling  iMuiiiicrtcii  lii-t  witli  11  vi  sscl  packed 


n      A  TIXTliO.  >K  or   HXl'HHIMI'NTAl,   PIIYSIOLOCY 

wtih  |>iiiiiic«-->t'iiii  siitunilid  with  siilphi  nc  .111,1.  iind  IVdiii 
tliw  It  liihc  ]  a->fs  In  ;i  sill. ill  111!  iiinihti  r  [KirK,  .1  wilh  sodii- 
Imir.  .\l  111,'  l.,Miiinui^;  of  ihc  .ajm  riii:.iit  tli,'  i-iiiii^l.r  i.f 
Sd.ln-liliii-    i-   iai(full>     U.  l-iic,l.       Il    1^    til,    1    c.lilicctr.l    ti)   llic 

sullllimiC     :u    :    !     Ix'tll     ,    nil. 1    till-    ill    lis    nil  ■!!■       lllf   (llltl,  t      till)!'     ,.f 

ihf  i,s|iiiaii,,ii  riict-ii|.  •,  ,  St)  (lull  f  •!  till  s|  ICC  iif  two  minutes 
(wliicli  iiiiist  I  .hciiiai,  ly  iiic.iMir,  .It,  llic  whole  n|  tli,'  cNpircl 
uir  nf  .\  |Kis,.     "V,  r  iL    siilj.lmii,' iiciil,  itiiil  tlir,puj,'li  the  sc<li- 

lillle.     'I'Ik    -i  l;i-lllii,>  vc^.,,  I  IS  lh,ll  ,|  I  MiUlIlccted  illid   re-U,l-|it  ,1 
'I'hc  illlter,lic,     lilwi  (11   the  lilsl   ulM    -,e(i>lld    \Vel'_'llts    eives    the 
tolill   U.  IlIiI  .1   (  (  I    ^ivell  ulT  li\    .\  .hllill;,'  tin    [•■  li.nlof  .il)seiVil- 

tioii.      Tlh   siiiull  aiiiniini  nf  ('<  I,  cniitiiiiicl   in   il...  insj,  iiil  iiir 
iiiMV  he  ri, glided  ill  ..     I'hs.i  vatmii  smdi ;' -  this,  e.\tcn,lint,' mily 
fniHshmt    p.  rinil   ,if   mil,'       II;i\in;^   ,'..  1,  i  mint  ,1  the  |,it;il  ('<  • 
•  iiniMit  ..f    \  ijiiiin-    lvv,>   nnnules   win!,,   -itini-   in   a  chair,   l.l 


i...ljLi'n«      MjiO* 


I'l. ..  -jr,  ll.l.laii,  .|',riilMi\  I.  I'll  ili.ii  a|i|.iir.ili;>.  I  Im  mmi  u!  i-  pKiCfl  in  lli,' 
iliiiiiil..  1.  .  Ilif  111,  [,  r,  1.  iicmpI  III,  v,.|iiii.,  of  .,,r  tli.ii  I.,,  ,  |,  ..,,,  .1  iiji..ii^;|i 
llif  a|i|iiii;Uu^. 


i 
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liiiii  n,,\v  run  t,,  tht  iMillnm  oi  the  huil.lui;.;  and  hack  iieiiiii,  if 
n(cessar>  ni,,r,'  than  nii, .,  nniil  hi  i->  nut  of  hivath.  Tht  n 
lake  ;i  M  c-nil  r,  adniu  "f  his  CO  (iiiipiit  duriiie  two  nunutes.  m 
order  to  d,  leiimiie  th,  ,di;ui-,  s  in  lit,-  j^aseous  inetaiii'llsin  (,f 
ill,'  ho,ly  which  .icc.  .|ii|  allies  e\(rcls,\ 

The  Total  Respiratory  ExchanRes  of  a  Small  Animal. 

'I'lie  total  intake  of  o  ami  oiitinit  ,'f  CO,  may  !),■  d.  t,  i  iniiii  ,1 
oil  a  small  animal,  sii.  h  as  a  nimi-.  .  n\er  ion;:  iieri,,iis  of  time, 
h\  a  inoilili,  atli'li  ,.f   th,    in,  ihoil  ju-l  ,ltscrihi  ,|  f,iriiiali. 

I  h,  air.iii;:,  iiu  lit  oi  I  i.,  ,i|  I  araliis,  as  iiseii  iiy  11  a  I,  lane  and 
I'l  mliny,  ,-  shoun  in  the  tiumc. 

'I'll,  animal  is  ]•!  i,-,  ,1  ii  i  h,  ak,  r.  ■  .  whi,  h  is  tiejaly  c,  irked, 
the  crk  Imiii::  |iro\i,l,,l  will  ilir,f  'I'eniii;  .  one  of  wiiitli 
I'oiiiaiiis  a  lheriii,.|ii,  tei.  whil,  ih,  oil  .  tu,,  .iie  |,ir  ih,'  e,:liv 
■•"'1   <Mt  ■  !'  air      Th,    .ur  r,  .ha.'.n   ihr^u^h    this  ,  liamher  hv 
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Miriiiis  of  nil  iniliriars  watri  lilti  i  I'limp,  \.  Tlir  iiinoiiiil  nf 
iiir  (IniWM  tliiMiii^li  1^  iii<ii>ui<  i  l>y  uliWiii^  il  tn  jm^-,  thriiiij;li  a 
small  ^;as  iin  !t  r,  \|  'i'lic  air  ims^c^  iiilo  the  cliaiiilx  r  liiidii^li 
two  visscis,  iiiic  (111) I, lining  suda-lmic  to  ahsurl)  the  C()_,  v\  julf 
the  st'coiiil  ciif  i-tiiiia'ii-  |Miinic( -r>li  m-  ^atiirati  >l  with  sulphuric 
aci'l  to  ahsnili  tlif  inoi'^luii'  of  iIh  iii-.  L'urc,  thy  air  is 
thus  suiijiliiil  to  ihi'  animal.  Vir  asciii>lin-  ii"iii  ih"  animal 
chiiliila'r  jiass' s  lii^l  lliii)U;,'h  tuo  ahsoipliuu  tuhi  s  ci 'iilainiiij,' 
|)Umiei--tc.iic  ami  --ulphuiK-  and,  imd  tin  ii  tlinai^h  a  himihir 
IuIk!  (.■ontaiiiinu'  -'  ila-lmn',  liii;ill\  iiassiiit:  thn.u;:h  a  third 
suliihmir  ai  I  I  tuhr,  tci  aliviiil)  any  iiioi-^tinr  which  im^^ht  be 
;^iv<'ii  oil  from  the  M/iia-hiia  .  'i'la  animal  is  lirht  wti^hid  iii 
the  licakcl  with  the  I'lh. --  d.-.  d.  'i'la  al-or[illoll  luhi  s  arc 
iilso  wc  i^htd,  III  iioih  (.!-<>  a  dummy  laaKi  r,  or  similai  pair- 

of  tuh«->,  hflllL:  l'lai(  d  III  the  ulliir  sialf  [lail  so  as  to  ,l\('ld 
i-riois  du<>  111  (■(■nd(n>ali"n  "I  \\atir  i.n  {]  .  j^la-.-.  'I'hi  luhis 
ar.'  ihi'ii  ('uniiicird  ii|i,  and  tin  air  1-  drawn  thruu^.;li  the 
idiamliii  f'  I  a  iKimd  "f  .Kl  miiiutts.  'I'hc  amount  of  watci 
and  ('< »,  ;:i\i  II  oil  in  this  tim.  is  dfltiimiiLd  hy  ihu  increase 
ill  Weight  (f  tin  |ian  "I  -ulphuric  acid  tuhi  >,  and  of  the  Ho(la- 
lime  +  suliihiii  ic-  acid  tuht  >  re^pectivtly  The  animal  IS  also 
wei^^lud  111  th'  1m  aKcr,  and  the  aiiiouia  of  ()  ahsorhed  is 
found  hy  suhtracliiiK'  the  losr,  in  weiehi  ot  the  iininml  from 
the  total  lii-s  ot   t'( )_,  and  water. 

I'>y  meaii>  of  ihi-  ap[iaralu-,  del-rmine  the  total  lesj^iiratory 
exehaii^'i -.  nf  a  mouse,  lirst  with  the  1m  alu  r  immersed  in  water 
at  ahoiil  10  ,  and  seeMiidly  with  tin'  heaki  r  imiiurstil  iii 
water  at  '!'>  .  It  will  he  found  that  m  the  latter  ease  the 
ai-tivity  of  the  animal  and  the  e.Meiit  ol  its  res[iiratory 
e.\elian^is  are  Very  lar;:i  ly  diniini^-hed. 

Pulse  Respiration  Ratio.  I><'tiiniiiie  m  man  the  numlicr 
of  liearldM  als  and  the  iiumhi  i  of  n  -['iratKais  per  minute  :  - 

I.   .\l  rest 

'J.     Itlirilie  I  Serclse. 

'i'he  ratio  of  the  two  luiires  si  t  ii  i-  the  [ail-e-rc  spiialun 
ratio,  and  sjuiuld  in  a  man  wiili  healthy  liinj^s  and  In  art 
niiiaiii  appro.Minali  ly  the  --ime.  imh  tliMiieh  the  li;^uiei  may 
vary  considerahK 
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LKSSOX    XXI 

MDVKMKXTS  IN    NORMA  [.   UKSPIliATIdN  — i;F]'E(  TS  OF  KXKIM  Isi;— 

Asi'iiVM.v    -OF   CO., —  (II-   o --  ..r.Nd-.v  —   iiK(;r,rnTioN 
cii];vNi:-sT(jKi:s  iskkatuino 

The  Regrulationofthe  Respiratory  Movements.— (ro  Nonual 
lu'spiratidii.— The  extent  and  rhyllmi  of  these  iimvenients  is 
best  recorded  grapliically  in  a  man  In  usiii;^  a  pneiiino-rapli, 
such  a>  that  devised  by  licit  and  ni.  ditied  liy  Ilaldane.  It 
consists  of  a   lii-ass  [date  \sliich   rests  on  the  luwer  end  nf  tlie 


Fiii.  27.-  litit  IlulchiiH'  ri;'iiiiiOKrii|)li.     ii.  i;,  ii.  lubli.r  iiu  inlnancs  ;   p.  olust 
plate;  s.  string's  inis.uiit,'  louml  the  cliist;   r,  Ki'or.iui^;  taiiiliuiii-, 

stennini,  and  carries  a  bent  copper  tube,  tlie  en.ls  of  wliich 
are  closed  liy  thick  rubber  nieiidirane.  A  broad  tape  is 
passed  round  tlie  chest,  and  attached  at  each  end  by  means  of 
hooks  to  tlie  rubber  membrane  closing'  the  two  ends  of  tiie 
cylinder.  From  the  cylinder  a  tube  parses  to  a  iccorditif,' 
tambour.  In  the  coiiise  of  this  tube  a  T-l'itc<,'  shouM  be 
niserled,  tlie  third  end  of  which  can  be  lelt  open  while  adjiistinr; 
the  apparatus)  Fig.  liT).'     Fvery  expansion  of  the  che:^t  pulls  oia 

'  Tliis  i~  nut  -howii  in  tin;  lii^iir.  , 
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the  riilil).!-  iiu'mlii-.iic  at  tln'  two  cmls  ot  tho  pnciundj^'iMph, 
uiid  tlicrcfon:  sucl  -  in  air  I'nuii  the  ivi'()nliii<,' taii:l)i)ur.  Tin; 
IcvtT  atlaclicil  til  tlio  lattrr,  tlici-ftori',  makts  fxciiisions  wliicli 
are  propoitioiial  to  the  cxtiiit  of  the  respiratofy  luovenioiits, 
and  can  1h>  icconleil  on  a  niovint;  blackened  surface.  By  tliis 
means  take  traciii;,'s  of  the  respiratory  niovenunts  of  X 
(.%■(//('.  -The  person  exp.'riniented  on  is  thruu^diont  desi^naleil 
as  X), 

1.   Whili'  he  is  sitting'  in  a  chair. 

•1.  While  standing'  up. 

■">.   luniicdiately  after  he  has  run  downstairs  to  the  liottoni 
of  the  building'  and  hack  ai;ain. 

Notice  the  fjreat  increase  in  rhythm  and  amplitude  of  move- 
ments determiiird  l)y  muscular  exercise. 

(h)   l\lTects  of  asphyxia. 

l'"or  this  ),urpo-e  X  is  madi'  to  bix'athe  tliroui,di  the  mouth 
into  and  out  of  a  bau;-  wliiidi  his  been  previously  fillecl  witii 
air:  tlie  nostrils  must  be  clampel.  It  will  be  observed  that 
the  respiratory  movements  becum.-  tirst  deeper  and  then  quicken 
in  rhythm.  The  experiment  shniild  be  stopped  as  soon  as  actual 
discomfort  i^  experienced,  which  will  be  when  X  is  in  a  con- 
(hlion  (if  dysjiiiira. 

At  this  point  transfer  some  of  the  mixture  of  f,'ase-.  re- 
mainiii.L,'  in  the  I'.a^'  to  a  100  cc.  nuuisurinj,'  vessel,  and  deter- 
mine its  composition  by  the;  method  described  on  page  71. 
Tt  will  be' found  thai  the  bau'  at  the  end  of  the  experiment 
contains  a  mixture  of  gascs,  w  ith  a  large  proportion  ot  CO., 
and  a  cnn.-^iderable  diminution  in  the  amount  of  oxygen.  Is 
the  dyspiKea  due  to  the  increased  C0_.  or  to  the  diminislied 
oxygen '.' 

((■)    i'lll'ei't  '    '  increase  of  CO,. 

'I'hc  effcci  oi  increased  ('<>  may  be  nvorded  by  making  X 
breathe  thi(uigh  a  bag  containing  o  to  '<  percent.  CO,  mixed 
with  air.  \  will  ex[i  ■rieiice  at  once  a  sense  of  breathlessiiess, 
and  the  dvspiuea  will  be  evidenced  in  the  graphic  record 
of  his  re-piratory  movements.  The  same  elfect  on  the  respi- 
ratory movement  ir,  found  if  X  be  made  to  breathe  a  mixture 
containing'  pure  oxygen  with  the  same  percentage  of  CO..  It 
is  therefore  due  to  the  exci  -s  of  ('( > ..  and  not  to  lark  of  oxygen. 
('/)   lut't'ect  of  diminished  oxygen. 

This  may  lie  sluilied  in  two  ways. 
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While  tho  respiratory  inovcmetits  are  licint,'  recorded,  X  is 
made  to  Icoathc  into  and  out  of  a  bag,  a  cylii.dcr  containing 
soda-lime  being  inteiposed  in  the  cour'^i'  of  the  current  of  air 
in  order  to  absorb  the  CO.,  given  olf  at  each  respiration.  A 
still  sinijiler  method  is  to  make  X  breathe  from  a  l)ag  con- 
taining mixtures  of  air  ;ind  pure  nitrogen,  and,  therefore, 
differing  from  ordinary  air  only  by  containing  a  smaller  per- 
centagt^  of  0.  It  will  h  '  found  that,  within  eonsideralde  limits, 
the  depth  and  rhythm  of  respiration  is  independent  of  the 
amount  of  0  present.  While  breathing  a  low  percentage  of  0 
some  care  is  necessary,  as  in  many  individuals  there  may  be  an 
actual  sudden  loss  of  consciousness  before  any  ap[ireciable 
feeling  of  dyspnoea,  or  even  discomfort,  has  be(>n  ex[)(>rienced. 

(r)  Apniea. 

Wlule  the  respiiatory  ninvements  are  b(  iiig  recorded  X 
inspires  and  expires  as  foicihly  as  possible  during  a  period  of 
forty  seconds  to  one  minute,  lie  then  ceases  his  et'forts.  It 
will  be  found  that  a  long  pause  ensues,  during  which  no  respi- 
ratory movements  take  place  (a[>nii!a),  and  the  movements 
then  begin  slowly  and  gradually. 

Kepcat  the  experiment,  but  let  X  breathe  in  and  out  of  a 
lai_'e  bag  containing  air  with  .')  per  cent.  C()_..  It  will  be 
observed  that  in  the  latter  case  no  e'(;ssation  of  respiratory 
movements  occurs,  however  energetic  the  forced  movements  of 
nspiration  be  mad(\  It  tlnis  seems  tluit  the  period  of  apncca 
is  due  chiefly,  if  not  wholly,  to  the  diminished  tension  of  C'O.^ 
in  the  alvioli,  brought  about  by  the  forced  respiratory  move- 
ments. 

Effect  of  Deglutition.  I'lace  another  subject  in  a  chair, 
and  let  him  bre;itlie  (juietly,  without  any  attempt  at  forced 
re--i)iration.  ,\t  the  I'ud  of  a  ipiii^t  inspiration  let  him  hold 
bis  bri'iith  as  long  as  he  convc'niiMilly  can,  while  si)me  one 
else  lakes  the  time.  I'nder  the  cireiunstances  a  eonveuient 
and  fairly  delinite  end  point  will  hv.  reacbi>d  in  about  half  !i 
minute. 

Wait  until  he  has  ireover'd  his  normal  state.  Then  lit 
him  bold  his  breath  again,  but  as  soon  as  he  feels  any  incon- 
venience (a  little  before  tlu^  end  juiint  just  noted)  let  him  sip 
water,  and  continue  sipping  till  be  feels  that  he  has  reached 
the  same  state  as  in  the  first  jiart  of  tlie  .  x[)eriuieni.  The 
time  will  be  about  ten  to  fifteen  seconds  lom/e'r. 
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Eoprat  tho  first  part  of  the  c>xpori!n(iU  af;aiii,  and  ?ee  that 
tho  time  is  the  sanic  as  it  was  oriftinally. 

Cheyne-Stokes   Respiration.— As    Tlaldanc    has    r.Mcntly 

shown,  this  can  readily  he  iiiducfd  in  a  normal  individual. 

(,()  l{rcord  tho  respiratory  inovonicnts  hy  the  pneunio-raidi 
as  hoforc.  then  let  the  snhji  rt  l.reathe  thn.u-h  a  tube  ahout 
1-20  cni.s  lont,'  and  2  oni.s  diauKt.T.'  The  r.  ...rd  will  assume 
a  typical  Cheyne-Stokes  pattern,  which  is  conlinued  fnr  a  little 
time  after  the  tuhti  is  n'Uioved. 

(/,)  Repeat  the  ex  .■rinient.  l)ut  place  a  tin  c:inister  of  ahout 
400  CCS  capacity,  containing'  soda-lime  in  fmnt  of  the  lon^' 
tuhe.  In  most  individuals  Cheyno-Stokcs  respiration  is  in  luc  d 
as  hoions  and  is  now  beyond  cavi'  due  to  lack  of  oxyfieii,  as  the 
carl)on  dioxide  is  absorbed  by  tb<'  «i  da-lime. 

'  Tlic  leif-'th  of  tho  tul..'  must  l.o  pioiuirtiom  .1  in  ll»'  iiiilivi.lual.  If  tl»'  tub., 
istoo  Innf;tluTO.|.iialionsa,e  nicnly  .1,m.,».iu.I  aii.l  niimin  ii^'iilar  in  ili.Mlnii. 
For  sumu  iicr-ons  a  tut)C  VM\  ciii.s   <    l'>  cin.>  aii-uci-  \m  H. 
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Arabhit  is  rriven  a  >ubciitiincoiiK  injection  of  chloral  liydrate 
(I  cc.  of  a  .^(i  i^r  cent,  solution  ju  r  kilo  body  wcij^bt).  Whcni 
it  is  ana>stbctiscHl  it  is  fixed  on  the  board.  An  incision,  two 
inches  lon^',  is  made  n\  the  laiddh;  line  over  the  ensiforin 
cartilage,  opening,'  the  aiidoniinal  cavity  at  its  anterior  part.  On 
turning  up  the  ensiforin  cartila-ie,  two  slips  of  the  diaphra^^ni 
are  seen  on  its  under  surfaci\  'riiese  slips  contract  with  every 
contraction  of  the  diaphra^^nn,  and  are  used  in  Head's  method 
to  sample  the  activity  of  the  whole  diaphr.if,'in.  Threads,  each 
carrvinu;  at  one  end  a  small  Hat  button  of  cork,  are  passed 
from  the  abdomen,  thnjui-'h  the  diaphra<,'m  and  the  walls  of 
the  thorax,  between  the  iiftli  and  sixth  ribs  on  each  side.  The 
two  threads  an;  knotte.l  over  the  front  of  the  sternum,  so  that 
a  fixed  point  is  thus  supplied,  from  which  the  diaphi'a^^m  slips 
may  pull.  One  blade  of  a  line  pair  of  scissors  is  inserted 
b,  !ween  muscle  and  cartila^'c.  takinj,'  care  not  to  injuria  the 
muscle  in  any  way.  The  canilap;e  with  the  insertion  of  the 
muscular  slips  is  cut  away  from  the  sternum.  A  hook  is  fixed 
into  the  cartilai,'.'  and  att:udied,  by  a  tluvad  passing,'  over  a 
pulley,  to  any  o'-dinary  writin;,'  lever,  which  marks  on  the 
smoked  surface  of  a  (h'um.  (It  there  is  any  difliciilty  in  trans- 
mittim,'  the  movements  nf  the  slips  by  me;ins  of  pulleys,  the 
thread  mav  be  attacdiel  to  the  Irvei'  of  a  Marey's  tambour,  and 
the  inoveiiu'iits  transmitted  from  this  to  a  recordiim  tand)our 
bv  a  rubber  tube.)  In  order  to  su]iply  ;i  fixed  point  from  which 
tlie  slips  may  pull,  the  cut  end  of  tlu'  sternum  is  clampeil  to  a 
rieid  supi)ort.  In  this  way  we  (d)tain  a  tracing  of  the  move- 
ments of  the  slips,  which  s.  rve-  as  an  index  oi  the  rhythm  and 
extent  of  tlu-  diaphra.u'iuatic  niovemeiits.  Tracheotomy  is  now 
performed,  and   a  ^lass  T-tube  ti((l   into   the   trachea.       The 
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each,  takint,'.'uiv  not  to  injun^  tlicin  in  luiy  way.    'I'll''  follnwni^' 
('\l)crinirntH  iirc  tlx'ii  to  1^'  ]i,  rfoniicd  :   - 

{II)    lu'i-or.l  till'  iioriiiiil  nioV(  inml-'. 

i/.)  (.'liinij)  on.'  linil.  of  t!if  T-lnl)^.  an.l  coniuct  tlir  nilin- 
to  ;i  liaUoon  containiii-  a  niistuniof  air  willi  -■)  'iO  ii.f 

Ci'Ut  .  'it  v"'  V^. 

(D  llci.litc;  this' l)illo  ,n  Willi  anothci-  coMtainini  imiv 
nitro^'iMi.  In  rarli  case  remove  the  l>allooii  a-,  soon 
as  (l\-siiii(.<a  i-,  i.ro(UU'e(h  Note  the  aheialioii  in  tlie 
resp'ii-atoiy  movements  pro  hieeil  l)y  increased  lensimi 
of  CO  ,  or  (hniinished  tension  (jf  O. 

\,l)  Connect  a  riihher  tnhe  to  one  hmli  of  tlio  T-tnlie, 
closini.'  the  othei  hnih.  Witli  tlic  moutli  lilow  up 
the  huiL;s.  The  diaphra^'iii  shp  at  once  ndaxcs,  and 
remains  relaxed  .liirin;,'  the  inflation. 

[,)  Suek  out  air  from  the  lung's.  A  strong' coiuraction  of 
the  slip  is  at  once  pnxhiccfh 

if)  Uepeat  the  inllation  o'  the  hin-s  at  fre^iuent  intervals. 

During  lh<'  repeated  inllations  there  is  standstill  of  the 
diaphrafjni.  and  the  standstill  lasts  for  some  time  after  the 
inflation  is  discontimied  inpttnin. 

This  apn.ea  is  due  either  to  summation  of  impulse^  fr>in 
the  limes,  or  to  washing'  out  of  CO,.  Uept^il  expt'rimeiit,  hut 
inflate  from  a  halloon  containing  <>  per  cent.  CO.,.  DuriiiL;  a 
sini,de  inflation  standstill  of  the  slip  is  prodnc-d  as  hefore.  If 
the  inflation  he  repeated  many  time-;,  it  is  not,  howev.')', 
siieceedeil  hy  a  lasting  cessation  of  re-piration. 

Now  cut  hoth  vaud.  Note  the  chaiiu'i'  in  iypi>  of  respiration 
produced.  Kepeat  the  procedinvs  already  tried  on  the  intact 
animal.  (*( »,  now  prodnees  increased  depth,  hut  i.o  ima-eised 
rhythm  of  r.-piration.  Inflation  of  ih''  lun^'^  has  no  efVect, 
showiiii^  that  the  [irevious  standstill  d;iiin<_;  single  inllation  was 
dependent  on  the  inleeriiy  of  the  va','i.  Tick  up  tin  central 
end  of  one  dividi-d  va^us  and  stimulate  if  with  — 

[ii)   Weak  induction  shocks. 

(h)   Constant  cnrri'iU,  holh  uscendini,'  ami  descending'. 
Note  the  effects   produced    in  each    case.     Finally,  clamp  the 
trachea,  and  note  tin-  charact(n- of   the  re-piratory  movements 
produced  in  the  various  sta-es  of  asphyxia,  until   the  death  of 

the  a!iimal. 
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n.fl.xlv'l'.-  iniktion  of  tl,.  lunt^..  r..:,s:n,  u^  s„ou  us  ,1..  lun^s 

•in-  allowed  to  collapse.  . 

\m  .l7>"«a  -'v,Uv.s;aionof  nspinmoii.lu.toannuMa.on 

of  tL.  CO,  Unsion  of  the  l.loo.l-.n.l  liunfoiv  pro,  uce.l  l.v 
i„ila.ion  with  any  neutral  ^as  -an.l  only  pa-.n;^  olt  slowly,  as 
the  CO,  .'nvluallv  aecunuilat.  s  n-.n-"  u^  the  hlno.l. 

Stethoscope  and  Phonendosco  .-Th..  stetho.eope  ,s  use,! 
in  tw^;  fon...  the  'hinaurar  an,l  tl,,.  '  stiek '  stethoscopes 
Each  has  a  small  hell-shap,.!  openm-  Nvln.'h  receives  the 
oinvh  which  in  .he  hinaural  is  transniitt.-l  --^--^;  Jj 
to  hoth  oars  hy  two  vnhl.  r  tnhes.  ami  in  the  '^^^^J^^ 
is  convoyea  hy  a  Nvooden  tuhe  to  on,^  ■  ar  only,  ^  hv  h  s 
Ipphea  to  the  flat  ear-pi- ce.  The  h.naural  is  the  n.oie 
sJiitive  to  faint  sounds,  an.l  more  .-onvenient  o  application  ; 
;:rt;;  sonnas  are  niore  hahle  to  aisturhance  hy  ^U^an^^^^ 

noises.       The    wooaen    instrument    is    nearly    f-    fioni     Is 
aefect.ana  moreover  conveys  the  c:,n ha,.  -M'"'-  ^  .T  nn 
the  sounas  to  the-  ohserver.  so  that  hoth  can  he  notea  at  onc.^ 
The  phnnenaos..ore  is  a  more  elal.orate  ami  sensitive  form  o 
n^trument.    It  c.iisistsof  a  lar.e  ila,  tan.hom-with  two  ela 
aiaphra^ms  (aiscsV    the  inn.T  one  l.Miiu    the  moiv  ^  "-'tu 
The  oiUer  one  can  he  reniov,.!  if  requnv.l.     It  is  prov.lea  .-ith 
a  aetaehal,le  rcul  which  is  usea  ^vlu■n  it  is  requirea  to  auscultate 
small   aefmite  areas,  r.r,.  the  heart  valves,  ,,na  arteries.      I  he 
roa  is  then  appliea  with  carefully  .raauat.a  pressure  ovei  tlu 
parts  to  he  examinea.  , 

l{uia,er  tuhes  with  ear-pieces  convey  ih.  soui.as,  ma^Mii  u  d 
l,y  the    aiaphrapms   of   the    transmitUr,   to  th.    ..irs  of    the 

ohserver.  ,.  ,       ,  ,  ,„„„,,i 

llrart  ^oinuh.-V^\uil  cither  mstrum.'nt,  listen  (  auscul- 
tate") over  the  'apex  heat,'  for  tho  first  souna;  m.v  listen 
o  vr  he  secona  ri.ht  aiul  secona  left  costal  cartdau'es,  for  the 
.econa  aortic  ami  pulmonary  soiuuls.  Note  the  aii.eivnces  m 
character  in  the  ailtVrent  places.  Note  etiect  on  h^trt  o 
(„)  lioiain^'  the.    breath,    i^)   swallowm,,    .7)    -nspiration    una 

expiration.  ,  ,, 

I'..-rafh   ..,„n,</v.-L-sin-  either  mstrummt,   hsten  cairfuU> 
over  the  ri^ht  side  of   the  thorax   m  the  region  .,f  ine  nui-i.. 
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()l)son-o  tho  faint  rustling  ^nun.l  niwliMc  diiriii-  iiisinraliun  and 
the  Ix'uinninf,'  of  cxpiratiMn,  tli>'  '  r.-i.iiMturv  siwuniH."  Tho 
origin  of  the  sound  is  d.l.ifd.     Tli.'  '^u-aUv  i>art  ol  cs\<u-MU'n 

is  silent. 

Next  listen  nver  the  tnieliea  at  tlio  root  nf  the  neek  ;  a 
much  shriller,  \vhiMlin.4  sound  i-  hend.  eans..l  hy  the  air 
passin"  lhrou<,'h  the  rinia  -lotti.lis,  hdh  on  inspiration  and 
.■xpiraUon.  This  is  .'ailed  'bronchial  hn^athin^'.'  und  is 
iiorniallv  heard  onlv  <nTr  lh(-  lar;,'er  air  i.;is~a,^'.s.  It  c:in  hest 
he  heard  ov.t  the  re-ion  nf  the  fourth  dorsal  spuie  heintid. 
this  beint,'  th(!  position  in  the  thorax  wh.iv  the  hronehi  he 
nearest  to" the  surfaee,  and  closely  .'nrr.-pon-'.s  t.,  the  bifurca- 
tion of  the  trachea. 

The  Laryngoscope.— With  this  instrument  the  nn.venieuts 
of  tho  vocal  cord-  .lurint;  jdionation  can  be  studied. 

It  consists  of  two  parts:  «i)  A  lar^v  ren.'ave  mirror,  attached 
by  a  strap  and  univei-al  joint  l^  th^  .observer's  foreb.'ad,  havm- 
a" central  hoi.-  through  which  th.'  .'ve  .if  th.'  .d,-.rver  lo.,ks 
down  int.)  the  larynx  by  m,  ans  of  (h)  a  small  .■nncave  mirr.n- 
set  obli.pielv  oil  a  lon^  handle. 

Som.ninu's  a  small  clectri.'  lam)-  with  a  coiid.'iiMn-  l.-ns  is 

used  inst.'ad  of  o^K 

In  usin-  thi'  instrument,  a  lan.p  is  plac.'d  behind  and  to 
one  side  of"th."  subj.cl's  head.  The  lar-.^  mirr-r  is  adju>t..l 
to  throw  a  conver-m^'  beam  of  b-ht  ..n  the  uvula.  The  small 
mirror  is  warm  .1  and  moistened  by  dippin-  it  in  watt^r  at  10  , 
and  then  is  placd  -ently  upon  the  uvula.  If  lh.>  latt.r  1-  v.ry 
s.-nsitiv.-,  it  may  hv  first  painted  with  a  .■•.  per  .vnt.  solmi.in  ..1 
.-..caine  bvdroehl..ri.l.',  wbi.di  pivv.nts  red.'X  stimulation  of  tb.' 
vomitin-\'entiv.  Th.'  li.uht  fr.mi  ih.'  lai-e  mirmr  will  be 
r..ll,'ct.Hl  from  the  small  one  throu-b  th.'  nnui  <,d.)ttidis.  and 
will  brilliantlv  illnminal.'  the  interi.ir  nf  ih.-  h.rynx.  which  can 
thus  !..■  so'U  i.v  the  obs..rv..r-s  ..y.s  ivll,  ct.'d  in  and  m;.-iiilu'd 
by  the  small  concave  mirror,  near  the  principal  f,.ciis  ef  which 
the  vocal  ords,  Sec,  will  be  situated. 

As  tb.-   ima-i-   is   reflected,   the   anterior   pan    wil 
postiriiady  and  .■  .•■   crsn. 
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THE   BLOOD 
LI:SS()N    XXIII 

,  ,,rNriN-<-.    nl-    CoIilTS,  I.KS  — KSTIMATION    oK    II.KMIH,  t,()l;l  N 

Counting   of   Red  Corpuscles:  Thoma-Zeiss  Haemocyto- 

meter. 

Tlii.  i'ou>i~ts  ,->onti;illy  nf  two  inuU.  tlu' .lilutm-  \<\['rtU'. 

an.l    Ilir    coumiim    i:1i:Uii1mT.       'I'lir    piprtlr    lias    ;.    loll^'    niUTuW 

sum  uliic'l.  linMs  oiu  part,  ana  a  i.ull.nu-^  .n.l  lu)l(liii<,'  HM) 
tiiur-  thr  olunu'  of  III.'  Nl.'iu.  'i'lic  .•oinitinu  clianilirr  is  a 
sli.lc  on  wlurh  IS  tvinriurd  a  .Mivuiar  tal.K>  of  -lass  :  tlir  Inp  v( 
tliis  tal'K'  is  nil.  1  with  luu-s  .,'„  inm.  airut  ;  thrsr  (•i-.>ssm^  at 
ri-iit  an-K-  f.v  a  scries  (^f  s.inaivs  .•acli  ,  ',  „  s,i.  iiiiii.  in  rxlciit. 
(HitM.lc'thc  .•iaiilaf  tal.l.'  is  iviurntcd  a  s.^iiaiv  plate,  wliicli  is 
,1  mm.  hiu'luT  than  the  table  in  lli.'  enitiv.  Wlieii  a  thick 
cover  .Jass  is  placcl  s,.  that  its  e.lu'es  ivst  on  this  piirl,  each 
.  'are  has  then  a  v.-.f  ,'.,  mm.  .lislaiit.  the  euhie  eapai'ity  of 
the  space  over  each   s.piar.'   heinu'   therefor.'  .'„  x  .,',,  x  ,',,=  ,,,',,„ 

cuhic  nun. 

y,;,,^„,./„„„^_Suek  up  hi.").!  tr..in  a  l;ir-e  linuvr  prick  '  np 
t,,  tlu'  mark  1  .^n  the  lup.  ite.  wip.'  th.'  end.  an.l  rai.i.lly  -n.'k  np 
lljvem^  V\uu\  .IIl'CI.,  II.-,  ..:iam.:  Na.S",  <l"'!-'- :  ^'''^l  ^'^■• 
Wn.-lOO  ce^.i  t..  th.'  mark  101,  ami  inrn  th.  pip.He  ah.nit, 
M,  tliai  th.'  hi.'  "1  an.l  th.'  Ilnid  can  he  tli..r.'ii'Jily  mi\e  1  hy  the 
litile  h.-i.l  in  th.'  h..ll..w  pai'l.'f  the  pip.'tt.-.  Th.'  hi...  .1  i^  thus 
,l;lut.'.l  Kin  lim.  s,  Miice  in  th.'  h..!'  -a  jmrt  ..f  th.'  ].ipett.'  there 
i,  pM-,ni   1  part  ..f  hlood  and  U'.l  j.art^  .'1   llayein's  s.,lnti..n 


1  iiiut  of  Havem's -ohition  remaining  nmnix.l  in   th.'  stem  o 


f 
the  pipette.  ISlow  .ait  a  few  dr.ip^.  s..  a.  I.,  exp.l  thi>  thiid.  an.l 
til,  n  t.nich  th.'  cntre  phate  with  a  small  .ir.']!  of  the  imx.'d 
hlo,,l.      Apply  Ih.'  c.iver^dass.     The  hlo.i.l  shoul.l  pass  over  the 

.   -n,,    ,i„   .rm.)M',     ,.,„|.:..l-..  li-M    H..    I'l'-l   ,  n„  •  In  .ly,  « ith.-ut  .-m.ITO.  - 

.;.      .; ..  .    .     ,.!.:..!.    .    ..■.-.-    ,i:;    ■.:■.■■.-     .'.:■    ,\.J'!,inrin  .  .M  \  llllill.  Hllcl  a 
C.Ml'l-ll.il.aill..;   .'."llr   rllc>    ..1    .OIl.U-l'l.    -. 
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tup  of  Ih..  cvMtiv  lal.l.-,  an.l  ^l.ouM  imt  .st.  imI  to  the  sui.^ortm- 
s.d.H  N.  XI  cunt  Hi.'  .-nrpuMl,  .  in  ul  1.  a>l  :(<)  s.,uaivs,  umu^' 
[-,nrl,nl.j.rliu.,a.Ml  ;,  hi'J,  [um.  i  rv  r-ia,  r...  It  vmM  I..'  iHitu.v.l 
,„  sn  ,lnn>...  t!,.l  M,n,.  .■nr|.u-cl,.  I,r  .x.rtlynn  tl.r  .livuln.^ 
l„„.s  CnnM.lrr  tl,;«l  -niv  tlir  Luii-ii^rK-  lyn>..;  un  tli.'  1.  ft  Imn.l 
,„.ll,„t,,„„  |inrsl„l..n;;l..,l„...iuaM',  tl..-  M,  tlir  ivn.:unin.u 
tunlHin'Tunntr,!  ssilli  ll,,.  .alnr  m,u;,i.-.  Iamv  l.tth  -i"'''"' 
,sn,trrs,,tr.l  l,v  a  nu  .Imn   !,„,,  sui^i"  -  a  tn  f.HMiilatr  .•-•unlin.^ 

(if  liir^'i'  nuinln  IS. 

Takril.-  n„an  of  :;()  s.iuaiv.,  niulnplv  tl,r  n  m.U  Ly  U'd 
ao  allow  for  llu.  ailulinn),  thm  l,y    U  »hi,  to  ol,tain  the  nunila  r 

(HT  (111)!!-  luni. 

White  Corpuscles. 

Tlu'  rslnnalH.n  is  .-am.  .1  out  m  an  .  xartl>  Mnnlar  manner, 
,.Mvnl  that  a  ,„iHtt-  ^.v,n^  a  .Ulution  of  1  in  10  ,s  iw,a  am 
n  diliitin-  lliua  .•oi.s.>tn,-  of  .lislill.a  vsal.i  ion  .-.-..  ^la.Mul 
arctic  u.-i,l  :;  (VS.,  I  IHL'  crnt.  aqn.  ous  -mlian  vioKm  I  ca-. 
Tliis  tluia  ais-..lv.  s  ilio  n.l  .•ori.UM-l.-,  ana  ii.aKo.  llu'  whito 
(.■orjiii^clr^  more  fxiacnl. 

'I'lic  i.ifaii  of  at  Ira-l    lUO  s.|uaivs  shou!,!   hr  lak.n,  or  tiu- 
l,u-.v  Muiaro  us.mI.  forni^a  l.y  thr  rxtia  luios  mmlion,  a  ahov.'. 

"Estimation  of  Hcemoglobin  :  Gowers-Haldane  Hiemoglo- 

binometer.— The  ai.i_iaiatus  consists  of  the  folloxMiiL':  — 

,.i)   A  pii-ctlc  by  which  exactly  '20  cub,  nan.  of  hluoa  can 

he  nuMsurca. 
(/„   A  cvhudrical  -lass  vessel  -raauatca    fion.  10   up  to  h.O. 
This   wh.'n   tilUa   with    tltiia    np   to   lli"    niaik    lUO 
contain^  exactly  -  ccs. 
(,•1    \  .'la^s  ve-M'!  tlie  same  size  as    ,/o   containln^'  a  1  p.  r 
rent,  solution  of  ox   l.looa.  which   has  heeii   satiiratea 
willi    CO   ^;as.     The   ,.x\  haino.ulohm    has    thus   been 
rnniplelel\"lnin>forna  d  into  eai-hoxyhanai-lohm. 
„/,    .\    slaiai     m^  uhich     the   tuo    na..  s   ,/m    aial    i')   can    he 

placed  siae  by  >iae. 
(,  1   A  drop  I'Ottle  containiiiu'  di-liiled  wahr. 
,/■)   A  v.ay  narrow  pip.  tte.  uiih  an   attachnieul  to  fit   on  to 

a  eas  tap. 
^7)   A  lancet  OL'  lie.  air  to  obtain  a  (hop  of  bloinl 

i:r2>crunniL—Ohui\n   a   an>p  .'f   hi.  od    from    th.>   lin,i,'er   ni 
llic  bauie  liiLUiiicr,  an.!  wuli  the  -ame  precautions,  as  described 
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iiii.U  r  tin'  llaiiKH'ytomctcr.  Tlio  i>iiK!lto  is  (illt'd  witli  blnml 
iij)  to  llic  iiiiuU  -0  cmiii.  A  convniiriit  iiu'llitxl  is  to  till  tlio 
l-iinttf  I.)  hli^;litly  iibovi'  Ihf  iiiiiiU,  thin  caivfiiily  wipe  tl^' 
point,  wiii'U  tlio  level  uf  tlie  Mood  ran  be  Inweied  accurately 
liy  diawiii','  tlie  iiul  oi  tlie  fihj^ei'  sliiwiy  across  tlie  end  of  tlie 

pipelte.      The     -ladliated     luhe     liavin-,'     heell     pnvinu>ly    tilled 

witii  distilled   water  up  to    the  mark  -JO,  the  .out.  iits  of  th. 
pip.  tte  are  blown  .ail   into   it,  and    the   pipette    is   waslud    .)Ul 
with  a  litllr   111. ire   .lislllled  water,  wliieli    is   ad.led   to  tlu:  tube. 
Tii<!  naiT.iu    [Mii.tle  attached    to  the  f,'as  tap   is  now  inserted 
into  the  tub.',  but  must  not   be  passed   below    the'   siirlaco   id 
the   llui.l,  aii.l  e.ial   e,is  ^uliicli  contains   a    lar^c   peicenlaf^c 
id    CO)    is    parsed,    until   the    tube    is    full.      Tlu'    pipette    is 
with.lrawn    while    lb.'    -as    is    still    llt)wini,',  and    the    nioulh 
of  the  j,'raduale.l  tubi'  instantly  closed  with  th.'  tiii>;er.     Tho 
lubi:  is  then  tilt.d   up  and  down  ten  times— it   must  not  bi; 
shaken,  or  tlu'  contents  will  froth.     The  ^'raduated  tube  is  then 
compared  with  tlu  standard,  and  distilled  water  added  drop  by 
(Imp,   mi.\in>,'  after  each  ad.litioii,  and  serai'in-,'  any   adli.rin^' 
tluid   inmi   the  end  of  the   linj^'er  with  the  ed;^e  of  the   tube, 
until  tlu  re  just  ceases  to  be  any  observable  dit'l';rene.'  between 
the   tints  of    the    two    tubes,    when    examined   cl.'se    to^etiier 
af,'aiiist  a  white  back^'roun.l,  chan},'in;;  them  to  and  fro  while 
dom^'  so.     This  point  is  then  noted,  and  the  dilution  proceeded 
with,  until  a  .litlereiice  of  tint  ju:>t  reappears.     This  point  is 
not.d,  and  the  nican  taken  betwetn  it,  and  the  point  where  a 
dilierence  ju-t  ceased  to  be  visible.     This  mean  point  on  the 
.scale  reads  directly  the  percenta-e    ,f  the  normal  amount  of 
banio;,dobin  present  in  tlie  sample  tested.     This  should  reach 
lUU  on  the  seal.' ;   that  is,  ilu'  -JO  cmm.  of  blood  are  diluted  up 
to -i  CCS.,  (.(.    iUO   times,   when   the  tint   appears   the  same  as 
that   of  the  standard   1   per  cent,  so  ution  ol   bl.iod   (earbo.xy- 
luenio^liibin). 
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1  111,     ,,  \sl   -    nl       1  ill.     l.l.lM'li 

„f   il„.   1,1 1.      In   li,.   ti-'M  ,1„.   M.^..l    ,.  ..x,..^..l,„av;unum. 

,„.|„„.,.-^^;.v,n..ir.r,  ,M„ual,.l  ,n  a  nam,^s  .ul.;  ;  u,  t  h- 
,,,„„.ltlH  l.ln.M  i>  uvaU.Uh-l  uuh  iH.ta.-.u.M  I,  m  k-n.liu.I.-, 
l,v  uliicli  111.  (.N>-.  n  is  lili.  lat.il, 
,,,,,1    th,  „  uiih    taitnii.'   :i'-i'l-   '''>'^ 

nivn,;;   ntttlu'    CO.all.l   .li''    .11.   IVa-C 

u,liv--mv(auM,ll.yLli.lil"iatu.n 
,,!•  .,,cli  ^.-as  !s  ii,ra>ia.a  in  a 
manona  lei'. 

Leonard   Hills  Punip.-'ll'H 

consisls    I.I'  l^N"  I'li"'-^  c.nlauuii.u 

iiuTi'Uiv,   an. I   r.innirl.il  I'.V  I'l'' ^- 

Mnv    liil.in-.       'I'll.'    on.'    l"iH'    i^ 

,,l,rn  al   iIh'  t..|.   .i:,   i'i;^   --i^'  ;^'"1 

can  1h'  uinw.l  ui.  aii.l  .l.Avn.     'Ua' 

nllur  Inill.,  II,  is  liv.tl,   i""l  ^■1<'^'''"' 

above   l.V   a   ihiv.-vsay   ta).,  ul.lch 

co.UH'cls  llir  bnllMitli.rNvitli  llu' 

bloo.1    cluiinb.'r,   li.  nr  tlu'    .u.h..- 
nittci-  iul'«\  i;- 

lU'l'.rnmo't.     Th.'    an-   w  tn-^l 
,.„,.,vc,Hn,nala.l,l...l.-'>..nl„M:.     '  ■•;  -  ^^.:;;;:-' J.tf  ^ '3 
To    d.)     Uiis,     pl;i.-«'     !■■    N.i'Ui-all\,  ^^.^^p,.      ,,     tiu-,e.w;.y      lai-; 

,us..  iiu.  Lull,,  n.  ana  turn  ti.e    ;;;, --I ,'';:, 't:V  ch;:.''::;; 

lip   T    M.  as  to  till  lla' chani!..  r,  i;,  ,ui,i„i- c.Uof ... 

tulnse,attlu.t,.i.  ol  I.,    .>  •'^'^'''^  ^  ^,,i^  iluv.  or  .our 

so  that  a  vacuum  is  pr..au.-..l  ni  l-      Ui  !'<  ai 

.  .,      1     ,   ,;,,,..  •>  ,a;Uc^.  o    nurcury  should  1k>  k'.t 

,, 1  .,f  u   .,,,,1  ivna.vran.l  wci-h  ilu- chamb.  i. 
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CunnooL    t!u>    niMur    tuho,  .',    with    tlu:    niunuk     in    the 
urtiTV  (.1-  vi'in,  t:ikin,u'  v.nv.  that  no  air  iriuams  in  i'.     OpHi 
Iho  s'nvw  clip  and  h  t   from  «  to   10  .cs.  of  1,1„.h1  tlow  into  u. 
Closc.thr  clip  ana  Nvci-li   thr  chanih.r.  lUc  .lilUr.iic^  biten 
11, w  an.l  the  fn-t  uvi^-hl  is  the  anH.unl  of  hloo,!  that  has  h.^n 
,.,,.,,„       pHlhiinalr  .I,.'  hln,Hl   by  shakm-  it  ^suh  ihr  nuiruiy 
|,tt  luhiiul    111    th.'    I.uih.      \Urh^vv    li   on   ihr  im.ni.    hanj^m- 
dounuanls  a.  at   tirst.      IaImusI   th.  hnlh,   H,  and  llu:..  r.lax 
llu'  srrrw  elu.,  ]..     Tlu^  hloo.l  ^;as.•s  pass  on  into  ii.      1  hr  tap 
,s  thi-n  tnr.R.l  and   thr    -usrs    suit    on    to  llu'  i.iulioi.u.t.r  i.. 
wlui-c  tin  V  displace  the  mercury  with  which  the  .udioiueter 
was  filled.'    Itepeat   this  process  until   all   tlu'   -as,  s  have  been 
..ivou  oir.   placin-    H    in    warn,    water    to     ,ss,st    thr    process. 
Water  will  cond..nse  in  it;  this  must  not  or  alL.w.d  to  pass 
on  with  the  hluod   ^as.s  n,to   k.      Finally  transfer  the  .ud.o- 
ni.Ur    tube   to    a    vessel    of    n..rcury,    s,c    that  the  lev.ds  ot 
nurcurv    insidr    and  outsid..    are  the  s,n:e.    and    n  ad  oil   tiie 
v..l.m,e"  of  -as.     Take  also  the  t.  mp.  ratmv  (if  -reater  accuracy 
is  rciuind,  the  ,.udi..n,eter  tube  can    be  surn.undrd  by  a  water 
jacket  to  keep  f,e   teuip.'rature  constant),  and   the   i,aronatri<- 
pr.'ssnre.     Tlu'  volume  of  lb.'  mi.^ed  -as.s  at  U    and  <fiO  m.  is 
uiviii  bv  the  Kjuation 

V  11-f 

1 +ixt)(iu;'.tM       (i><) 

Wlirrr  11  =  the  barometric  pressure 
t  =  tic  ti'lnperature 
f=the   tension   of  aiiut'oiis  vapour      iSce  Septi'ii  s 

Tablesi. 


!  i 


hiti-odnceby  means  of  all.  I.I  pipettr -31  per  edit,  pnta^smm 
l,\diale  solution  into  tbr  ,  udioii.rter.  This  ;ilM,rbs  the  CO,,. 
^i,  ;i-„iiv  ibf  diniii.ution  of  volume,  thn,  inlro,luco  Id  per  .cnt. 
pyi-o-allol  s,,|,itioM,  and  iiiea>inv  the  vohiine  of  O  ab>orl,rd. 
Tlic  ri'iiiaiialtr  is  supposed  to  bi'  nitrnn,!,. 

Barcroft  and  Haldanes  method.— 'lh<  appaiatus  eoii- 
>i,.t-  of  a  small  kIiss  \i-s<l  of  kno>\n  capacity,  whirl,  has  a 
hollow  stopper,  from  which  ])ivssur.'  tubing  leads  to  a  maiio- 
nuler.      To   the  stopper  is  allacbed   a  little  shelf,   which   will 

i  S.r  r;i,M-U  i.ll'l  llaMll.e,  .huinM,  rl  /  ■/I/,  ^^  ■-  :/,'/.  S  NM I  i.  |..  --M-'.  ^'.lul  V.M- 
rinll,  .1,, HI  lull   !'_(    /■i,/,-.!"/".;.'/.    !vM\.   l'-    Isl. 
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,.oia  ab.na  OH  CCS.  of  luiuul,   whu:l.   c.:u.  be  ea  t,  4^^^^^ 

,„to    the    V.SS.1,    Nvlun    Uns    .s    uM    <-"  ^ '«;;;    ,,^  ,    , 

...i.ilv   a.liusUd  l>v  uuans  of  a  s.ivw  .•laui)..      i  lu"  fr^    sul.    .. 

:,  uv      Tin.    ...ano.n.t.r   is   lUk.!   wuh    Nvat.r   n.loun.Mv.th 

vl..,u.    1.1,».,     Tl.    uhol.    a,,anuus    ,s    n.    au,l-t.     so 

;;:''  a  ..ntna   .sinnnunt  .an  b.  camel  out  u:.!..  .d.nt.cal 

'■'1;";:L,.^-^a,u.t.o..ft,u..las.V.p;isana.,to.^^^^ 

j,lacH:   !•:.  CCS.  of  U:.  l.cr  cent,  aunuonni  soh.t:on.'      Into  each 

little   shelf   place    O-J-")     cc.    of     a 

saturated    solution    ('f    iiolassiuiii 

fii-i-ic-  ani.le.     Take  a  hypodenuu- 

syringe,  ]ir.'feral)ly  "f  special  con- 

stmclioM,  and  intiodace  into  it  a 

drop  or  two  of  1  percent,  solulinn 

„f  !     Mdm,  or  failing'  this  Ul  ce. 

,,(■  -2   [ur  cent,  aniiuoniuiu  oxalate 

solution.     Draw  out  1  cc.  of  blood 

fvoni  the  artery  or  vein   into   the 

syringe,  and  carefully  expel  it  into 

one     of    the     vess.ls,     Indow     the 

ammonia.      Into  the  other  control 

vessel  place  in  a  similar    niamier 

1  cc.  of  freshly  distilled  water. 

Place  both  vessels  in  the  same 
water  bath,  and.  when  tli.'  tem- 
perature is  even,  close  tile  taps  ol 
the^^ui-es,  tir>t  adjiistin--  them  s,) 

that''  the    level    stands    at    zero.  ,      ,      ■ 

LlKike   c:uvfully  so  as  to   lake   the  blood,  t.p  out  the    em- 

,anide  solution,  and  replace  both  bottles  m  tbe  wa  er  .at  k 
When  the  temperature  ,s  a^am  even,  rc-adju^t  tl  e  lexds  n 
thcwW,/  ends  of  the  two  e,.,,e..  s.  that  they  stand  at  the 

.cro  mark  (that  is,  brm,  the  apparatus  back  to  the  volume  it 

"first.      Read  O.V   the  level    -   •->'''-f 'V''   ^  \i: 

.,n,ls  ahat  IS,  the  d.rfereuee  m  presM.re  caused  by  the  e^oh  t.on 

„f    ()   f,,„a  the  l.loo,l);  if  the  control   maiicniieter  also  sliows 

'     Ml     oil,   <11.  -1..  OSSO,  O-.-,  CH>.   Dl-tlllra   Willi.    '.I'..-)  ITS. 


Fi...  -J'...  l.aiciott-HiiM.ino  vos-il. 
M.  tulie  thnm;;h  -t.iiipcr.  oiicii 
;it  ijotli  ci.'ls;  s.  shrlf  to  1...M 
liutas.--iii..i  fiTricviiiii'l.'  o.'  tiir- 
laiir  iiciil  siiliitioi.-. 


Take    out    each    vessc 
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u    riM-,    sul)tnu-l   this   mulin-   from  IIm'  niulin-  of  tlu-  l.loo.l. 
KtMil  iilso  the  ti-inpoiiituri'  of  the  wat.i-  biitli. 

\s  thi'  nonuiil  hiuonutfr  pressure  of  7(50  iimi.  H^'  is 
..,,ual  ill  l.V  to  a  eoh.iui.  of  water  l(»,:ilU  im.i.,  the  voli.nu' 
of  nxven  -iveii  otV  al  this  prrssure  is  .M,ual  to  thr  voliiine 
of  ;,  'in  the  1i1o.h1  -MS  luhe  aiul  Us  eoinieelioiis,  Miultil>lua 
hy  the  eorr.rte.l  rea.lm-  of  th.^  ,i;uu-e  in  n,illin:elres,  an.l  .l.vi.led 

I'V  10,:n(i.  . 

Thus,  if  the  total  eai^aeily  of  the  api-aratr.s  is  •_,$•..:.  ees. 
and  thai  of  the  Ihiitls  put  in  is  -J-T:.  ecs„  the  v.^unu-  of  air 
,s  •iUf.  CCS.  If  noNv  the  readin-  of  the  ^au^e=  lOdtK)  nan. 
the  oxy^.  n  j^iven  olY  will  be  -()•«;  x  J^'!!',^,  ccs.  =  OUn)  ees.  If 
thr  tcnii-e.ature  were  11  this  woiiUl  eorrespon.l  to  IMS',)  ee.  of 
Out  t)  .     If  this  came  from  I  ce.  of  hlocd  the  comhme.l  oxy^'en 

would  he  Is-'.)  prr  cent. 

j;.n>ove  llu.  stopper,  place  on  the  sh.lf  O-i:.  cc.  "iO  per  cen  . 
solution  of  tartaric  acid,  ami  proceed  as  hefoiv,  ihe  .  O, 
.■iven  off  is  measurtd  in  a  similar  manner  to  the  O,  except  tliat 
[he  volume  of  the  liquid  is  not  suhtraeted  from  the  volmne  of 
the  vessel,  as  at  r.H.m  temperature  the  hlood  mixture  al.sorlis 
approximatt  ly  its  own  volume  of  ('0._. 


^f^^^wi^^^wMwvwm-i^Fmi^B^m^m 
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i>i;miinst!;.\  1  mN. 


For  this  cxiKiinunl  >ului-  a  .K.-,   cat,   or  rabbit  u.ay  be 
usril      Tb..  animal  b,  in-  ana'^lluti-rd,  tbc  tracb.  a  is  c-xpos-d 
and   a    ibivad  pa.s.d  r.umd    il,  so  tbat    tracb.otuniy  may  be 
performed   later  c...     I'ut  a  cannula  iu   tbe  carotid  artery  mi 
one  side,  and  Ue  and  eut  one  va,u.  nerve,  so  tbat  Us  l-np  -ra 
end    mav    be    stimulated.     Insert  a   cannula    previous  y  tilled 
xvith  saft  solution   into  one  jii.ular  v.  m.     U  a  rabbit  be  used, 
expose  tbu  bladder  and  lie  mto  it  a  cannula,  so  tbat  tbe  iiriiie 
nuiv  How  auav  and  b.-  collected  m  measurm-  cylmaers      In 
tbe  case  of  tbe  du^  it  is   better  to  insert   cannuke  into  botli 
un  ters      To  expose  tb.^    ureters  make  an  meision  parallel  to 
rouparfs    ligament,    about    one    meh    to    its    inner    side   am 
continue  tbe  outer  end   of  tbe  incision  vertically  upwards  fo 
two    incbes.      Ctit    tbrougb  tbe    aponeurosis    of    tbe    extermd 
obluiue  muscle,  and   tluai   dnide   carefully    tbe  fibres  ot  tie 
transversalis  about  l.alf  an  mcb  from  tbe  binder  insertion  oi 
the  muscle.     Tben  cut  tbrougb  tbe  lay.r  of  la,cia  on  to  the 
subperitoneal  fat,  just  bey.nd  the  line  wbere  tb.  anterior  la>..r 
of  ientoneum  is  rellected  on  to  tbe  po.ter.r  abdominal  wal. 
It   is   a    Uttle    dilVieult   m    tbin   animals   to  av  .d  np,,:nn_'  the 
peritoneal   cavity.     With    the   two    forelinger^  ^Uip   back  tbe 
peritoueutn  .o  as  to  expose  tbe  il.ac  vessels.        b-  t.reter  wdl 
be  seen  crosMUg  these  vessels  on  its  way  to  lb.- pe  vis.      lie 
a  ligature  round   tbe   v.eter,  npen   it,  and  m.  rt  and  tie  ,n   a 
cannula,  un  the  kidney  side  of  tl.-  ligature.     If  u  „  not  desired 
to  estunate  tbe  secretion  of  tbe    two   kidney,  separately,  the 
two  cannulas  may  be  joined  by  a  v-tube  and  the  urme  collected 
in   graduated    cylinders.     Now   connect    the   arterial  cannula 
with  a  mercurial  manometer,  and  record  the-  bk^.d  prepare  on 
a  kymograph. 
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1.  M.nsurc  tlif    lu.nuiil   sccrolicM    during,'  m    I'triod  of  ten 

iiiiiiules. 

'2.  In](Ht  mto  tlio  juj;ular  vein  -20  uiaiuiuos  cf  i^lui-osc 
dissolved  ill  '^O  fi's.  wiitii',  and  ir.faMUf  lli.  suI'mijiuiU  tlow 
during  two  jx  liods  of  ini  ininutcs  cacli. 

:!.  Stiiiiulatr  thf  iMTipluial  end  of  tlio  va^iis  np.  at(  diy,  m> 
as  to  low. I-  the  bhnul  pirssuiv.  Note  llio  diihinution  in 
sciTttioll  tlurrl'V   I'lddllrid. 

■I.  Inject  slowly  into  iIm'  jnj^'iilar  vein  ."i  ihs.  of  a  saluraliMl 
solution  of  indii^o  c:u-nniu',  and  nolo  liow  soon  ilic  i-olour 
apiH'ais  in  tiio  mine. 

."•).  Insert  a  tracheal  cannula  a!;d  carry  on  arliliciui  uspira- 
tion.  Divide  tlie  spinal  eord  tliroUL;li  the  atl mto-occiintal 
nieuihrane,  ir.  at  the  lower  honUr  of  the  medulla.  Note  the 
effect  therehy  produci'd  on  the  aiterial  hlo.ul  pressure,  and  on 
the  flow  of  urin^'. 
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..t,.y,th.'in.nl.rv.u.an.l.n    1  uutr^ 

as  aoscrilH  a  in  tl-  vivv,..,,.  'M-'nu  n.       1 1 

obliMUcly  a..unvv:n-,ls  u-.l  M-U      •  1-  ^  ^^^^^  ^^^^^j^,^ 

'''•''-■  ^^^^'^'"':'''''";'u:'^:t:.atL..cu 

^""    "r'^iliirUur  f  uilara.    ana    no.nwa.as.      The 

wouua.     In.  IS.    Uu     1       j        ,,  „i,  ,„.i  an  inciMon  laaae 

tlu-ou^'U  tlu'  acq-  l.i\LL  oi  v,.rt,a)ra>    so  as  to  open 

tips  of  tho  tn.n.v.rs..  processes  of  tL.  -   ^^^v;^     ^^^^  ,,^,,^, 
Olo  abaonu.n  beluna  the  P-tonc^^n  P  •>  ".^^^^  ^_^^^^^,^,^ 

,„av  In.  somewhat  e.-lar-ea  !>>  m  isuv  tf.   a 

nn,.,Mnto  llu.  ^vouna  ana  hc.a.  ,     n  K^ 

.,n.a,.  the  ahaonnna  cav    •  t U.  ^   t  ^^^^^^  ^   ,^^^^^^  ^^^^^^ 

!:;;;teX:u,:^o;;::.;;;  ii  -  --7-;^- r !::: 

U  uuo  an   >>-'--^'-  '  ,,,t,.v:n>o.vai.h   i-  the   nu.t 

body  tenipenaure      ^ehat. ,  .    '^>|  1         v  .  ^^,^   ,,,,,^,        box. 

conveuenl   for   tins  purpos.      U        ■>  ,  ^.^^^,  ,, 

,vlnch  n.ay  Iv.  shapea  rou.luv  to  '^^ ^^f'_^ '  ^^^^  ^^^  ,,,,,  w 
a  depression  u.  .h:eh  the  renal  pea.ele  1>-  J^^  ^  ,,,;  ^^^,, 
,naae  eUher  of  vulcan.te  or  of  >^-'^  ;;;;  ^^^  o  ;nv  desned 
shape.     The   khlney    havni-    heu.    aiian^eu 
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hitter  is  covered  willi  a  ^liiss  plate,  llio  oncometer  lieinfj  made 
air-li<,'lit  by  thickly  coating'  tlie  plate  and  edj^es  of  tlie  box 
witli  vaseline,  and  by  packing;  wisps  r,f  cotton  wool  soak(>d  in 
vaseline  ronnd  tlie  renal  vessels,  as  tliey  pass  over  the  fjroovc 
in  the  edge  of  tlie  box.  A  ^iass  tube  whieh  is  inserted  into 
the  box,  is  connected  by  india-rubber  tube  with  a  piston 
recorder,  or  some  other  form  nf  vohinie  recorder.  The  lever 
of  the  latter  is  arranfjc  d  to  write  nn  a  biack(UUMl  surface.  The 
box  is  then  clamped  in  position,  so  that  the  kidney  lies 
naturally  without  any  torsion  of,  or  t<'nsi(Ui  on.  its  pedicle,  and 
the  whole  apparatus  is  covered  witli  cotton  wool  to  prevent 
loss  of  heat.  If  th<>se  arranj^ements  have  been  prop-rly  carried 
out,  any  changes  in  the  volume  of  the  kidney  cause  a  corrc- 
sponilinu  alterMtion  in  the  lever  of  the  piston  recorder.  This 
Nliould  shinv  waves  CiirnspondinL,'  lo  the  cardiac  and  respira- 
tory undulations  on  the  ;irt;'r..il  blo-ul  pressure.  Now  record 
the  volume  of  the  kidmy.  tlu>  L;eM( ml  blood  pre->ur(\  and  the 
renal  secretion  under  llie  following,'  comlilioiis  : 

1.  Normal,  durii  u  a  period  of  ten  minutes. 

•2.  I",\eite  ihe  peripheral  end  of  th(>  vauus.  Note  the 
diminution  in  blood  j-n  ssiire,  in  the  vohune  of  the  kidney,  and 
in  the  urine. 

;V  If  ;i  rnbbil  i>  used,  inject  a  dose  of  caffeine  (about 
1.")  milli^rammrs  per  kilo).  Note  th(>  effect  on  the  blood 
pr(>ssur(\  the  volum<>  of  the  kidney,  and  the  urine.  The  two 
latter  maybe  alt' I'tod  without  the  fornur. 

I,  \Vlii  II  the  eli'eet  of  tlii^  eatfeine  has  passed  away,  inject 
1(1   -Jl)  ,L;ms.  of  t;lucose. 

.'i.  liij.Mt  ailrciKiiin  and  iinic^  the  eftcrt  on  the  general  blood 
iin  ~>ui\\  the  vohinie  of  the  kidnev.  and  th'    uri;n'. 
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,     MVN  —  I'Mi.v     Avi.i!.\r,r.        r.rn-.T     cK 

™.i-..>"'"^ '■•'rT:irf."t':;:S  :...■«■ 

The  f„il.r«l"iv  c."  1..^  t..Ku.  m   , 

noted    iK'low  on  luiUM'lf.   a>  occismn 

results  on  a  cliart.  ,.     j       ^  ,„i 

1    Take    the    temperature   at   each   liou,    ol 
observe  the  uenual  da.ly  variation  ^^^^^^^^^^^^ 

-riui^;"^-..;...-;-;;-;:-^^ 

esiK-ciallv  m  col.i  weather,  as  the  ti>^m  s 

Heat  Prlctoi  during  Muscular  Contraction     7    ...- 
,,.r-TaUetwothern.o-e,earu.u..aU.,..^ 

Uneauau-on,aua  set  up  ^--'^ -^;^^';,;:::::  :„„„,,.,.. „.l 
a  sens.twe  low-re.stauee  .alv^  ^  '  -^^„,^,,  ^,,,,,,„.. 
various  juuctious  Simula  he  putect  a  ,,^  ,„,^^.,„, 

of  ten>r.nuure  by  cotton  woo.  ^^'^^^'^  ,^  ,^,^.,„  ,,„u. 
aa.ffereneeoftemperatureof       tht.^    1  .^^    ^^    ^^^^ 

anule   between   tlio  two  needles,     ^ote   tin 
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movement  nf  tlu-  fjiilvanniuftt  r  sput  wluii  one  needle  is 
heattMl. 

I'itli  ;i  fni^',  and  expoM-  \n){\\  siiatio  and  ^'iistioincniii. 
Insert  a  iiredle  l(inf,'iuitlinally  into  tai  li  niiisclc,  and  wait  till 
tlu'  ^'alvai  meter  spot  is  steady.  l''xcite  the  sciatic  of  one  side 
with  tetanisin;;  shocks  for  Iruni  half  to  one  minute  ;  the  t,'al- 
vanometer  spot  should  move  in  the  direcliim  that  indicates 
<;reater  heating'  of  the  needle  t  nihe  Ided  in  tlu'  excited  muscle. 
Kepeat  on  the  other  side. 

The  same  exiieriment  can  he  performed  on  a  recently 
killed  cat.  The  muscles  remain  in  t;ood  order  for  ahout  half 
an  hour  after  the  circulation  lias  stoi>ped,  and  the  technique 
is  rather  less  ditlicult  than  with  the  fro^'. 
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NERVOUS  SYSTEM 


L1:SS()N   XXVIII 
i'I'ia'c.eu's  r.AW  -;;li:(TR()T(inic  altkuai  ion  in 

KXHTADII.nV — Kl.KlTROTOMC    CTUUENIS. 

Pflug"er"s  Law.  —  riipan'  iwc  non-polarisuble  oli:ctrodes, 
and  coiincca  thciii  with  a  iln;oclioni,  coinmutiitor,  Morse  kt-y, 
and  one  or  two  cells,  so  as  to  ^-ive  any  desireil  stivn<,'th  of 
cuiTonl  through  the  eleetrodcs  in  either  direction.  Make 
carefully  a  fastrocneniius-sciatie  preparation,  and  lay  the  nerve 
across  the  electrodes  in  the  moist  ehamher.  Trace  the  (hrec- 
tion  of  the  current  tlowing  tiu-ough  the  nerve  ;  it  passes  cither 
in  an  axcrtvlhvj  direction,  away  from  the  muscle,  or  in  a 
ilcsraiding  direction,  towards  the  nuiscle.  Mark  the  commu- 
tator accordingly. 

{(,)  .\rrange  the  rheoclioid  and  commutator  so  as  to  giV(- 
a  weak  ascending  current  through  the  nerve.  Depress  the 
Morse  key  and  '  make  '  the  current  ;  after  two  or  three  seconds 
let  the  key  up  and  '  break '  the  current. 

Note  the  result  -in  this  case  a  contraction  of  the  muscle 
occurs  at  '  make,'  and  nothing  apparent  happt'ns  at  •  break.' 

(h)  Kepeat  with  a  weak  descending  current. 

Shift  the  rheochord  contact,  so  as  to  give  '  medium  '  current, 
and  note  the  eiiects  of 

(r)   Medium  ascending  current,  make. 

{(l)  Medium  ascending  current,  break. 

Ueverse  the  coniinutator  and  note  the  effects  of 

(()  Jkledium  descending  current,  make. 

(  /)  Medunn  descending  ciu-rent,  break. 

Kemove  the  riieochord,  and  take  the  current  directly  from 
one  or  two  cells.     Perform  the  same  series  <^f  four  experiments. 

((/)  Strong  ascending  current,  make. 

(/()  Strong  ascending  current,  break. 
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(/)    Stroiij,'  (I  sci'iidiii^;  iiun-nt,  iiiakf. 
(/.)   Strciiii,' <l«si'iiuliii<,' cuinnl,  l>i«'iiK. 

Tlic  ivsuUs  s1u)m1.1  hv  ucionliiin  i"  tlir  t;.l.lr,  uIm  1-.  ('  iiuli- 
ciUts  ii  (■(intniclioii,  luvl  "  H"  visil.lc  cllcil. 


(■  irmit  -ti'  n.-tt 


|,.   .•.  Ill  .1.- 
M,;.  11..  ,k 


Ii 


m 
jiji 

1^  i 

Im'I 


W.  Ilk     . 
Micliuni 


(• 
I' 

() 


O 
(• 

c 


c 
{ 


(■ 


Success  ill  tlu'  (xp.  rinu'iit  d.|H'iuls  liii  ciin  Ittl  att.ntioii  t.. 
a.  lail  Tlu'  cUctiodt's  shmiia  not  Ikivc  t.'n  -ivat  a  ivMslanco, 
iui.i  llu'  iifiNv  luu^l  hv  k.i.t  iiK.ist.  'riu'  iK.Miion  ,.[  Uu'  rluo- 
rlionl  slia.  s  fi'i'  '  \s'':il<  '  'iii'l  •  ""(Imin  '  .•uirml-.  niusl  1k'  .l.t.T- 
miiuMl  h\  '^nv>^  and  tMal.  us  it  will  vary  will,  ihr  ivMstarn'o  ol 
till    iicrvr  ami  ilfctrodi's. 

Electrolonic  Alteration  of  Excitability.  -Make  a  -astioc- 
lu  niius-sciatic  luvi.aratioii.  and  place  it  m  a  m.-isl  clianilicr  on 
twi.  pairs  <if  .l.ctrodcs.  the  pair  nean  si  tlic  iuum-I,.  hem-  -t 
the  (iidinarv  tvpc  and  connected  with  an  induction  coil,  tlic 
pair  lurtlusl  away  l,ein^•  imnpuiarisilili',  and  c.-niuctcd  with 
a  rhcocliord  and  battery. 

,1)  Slide  the  secondary  cil  to  sncli  a  distance  from  tlie 
primary  that  a  hreak  .!.  .ck  caiis.'S  no  coiitracii..n.  Tass  a 
descending,'  curivnt  throu^di  the  n<in-p..larisal.le  electrodes,  ir. 
so  that  the  kathode  is  next  tlie  testing'  electrodes,  (live  a 
break  slaiek— it  now  causes  tli.'  muscles  to  contract. 

(•>\    Ue-arrant,'e    tlie  secondary  coil    so    a-   to   ^'ivi'    a    ^ood 

contraction  at   Weak.      U.v.  is.'  the  coinmutalor,  and   pass  an 

asLvndii.^' current  tliron^,'li  the  nerve;   the  anode  is  now  next 

t!u.  testinu'  electrodes  and  the  break  shock  is  now  inetlective. 

(ill   I'tMrorm  the  same  pairs  of  experiments  with  tetanisin^ 

currents. 

Electrolonic  Currents.  (Demonstration.)— W  ith  th.i  cir- 
cuit shown  in  I'i-.  l:i,  Less,,n  IV,  the  electrotonic  currents  of 
fr.i-'s  nerve  can  he  easily  demon-trat.  d,  a  pair  orn..n-i.olansahli' 
electrodes  beiiit,'  placed  on  the  nerve,  instead  of  the  stiinnlatmt,' 
electrodes  fr.iiii  the  induction  cnil. 
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T.KSSON    NX IX 

|i:N|inN    I'lir.NOMr.NA-  MAN    ANI>    llMil'.ir       ■^I'lNM. 

ui;ir.i;.Ni;s — MAMMAr-  and  nioi. 
Tendon   Phenomena    in    Man.      Study   tin-.  \>\   \\.i\\rv\ 

lnctlin<l.  ill)  I'liKv  tho  sul)jrct  Oil  ;i  tal)l.'  so  iIkU  the  I--  liuiius 
fncly.  Fix  an  daslic  ba^,'  by  a  >trap  nuiiiil  tli«'  tlii'.;li,  (niiiii'it 
tliis  witli  a  Maivy's  tambour,  wliich  writes  upon  a  sinoKcil 
cvliiulor  iiioviii;;  at  'i")  cms.  per  m'C'oikI.  Mark  the  liiiir  liy  a 
liiiiiiiK  folk  at  a  biiiulnd  vil)iMtioiis  \)rv  sccni'l. 

Start  tbc  dnim,  and  strike  the  b^'ani  i,linn  imt.llie  ^marily 
with  a  round  ruler.  Tlio  r.'SuUiii^^  curve  sliould  sliow  1 1 1  n 
small  preliminary  wave,  caused  mechanically  by  ih.'  blow, 
(•1)  a  more  proloivt'd  elevation,  caused  by  the  contrariiou  of 
the  muscles  of  the  thitih,     >basure  the  •  lost  time.' 

[I,\  Take  a  second  tracin<,%  usinj,'  on  ibis  occasion  a  sin^de 
break  induction  shock  as  a  stimulus,  nsiu','  unipolar  stimulation 
and  placing  the  electrode  directly  over  the  mu-cles. 

Compare  the  'lost  time'  with  that  of  the  first  experiment, 
(,•)  Take  a  third  tracing  to  test  the  •  lost  time'  in  tin- 
apparatus  itself.  Place  a  lev.  r  on  the  mu>cle  bag  directly,  so 
as  to  write  immediatily  under  the  tambour  hv.r.  Take 
eorresponding  points  when  the  drum  is  statioiiar>.  tluii  tak-  a 
tracing  with  the  moving  drum  by  tapping  the  muscle  ba;,'. 
Measure  the  lost  time,  and  subtract  this  from  the  n-uh  in 
the  two  preceding  experiments. 

Tendon  Phenomena  in  the  Rabbit  iWall.  r).— A  labbn  hu  1 
on  its  back  in  a  shallow  wooden  trough,  unrestrained  by  any 
cords,  will  remain  ([uiet  bir  an  indelinite  time,  in  an  altitude 
that  is  convenient  for  the  study  of  '  teiidon-rellex.'  and  its 
comparison  willi  other  nioveiiieiits. 

(„)  Connect  the  leg  of  a  rabbit  so  disposed  by  a  fine  thread 
to  a  light  b'ver  touching  the  smoked  cylinder.  Start  the  clock, 
and  when  the  cylinder  is  at  full  speed,  lap  Ihc  !ig.  patt  llii-  \v-th 
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„„.  ...l;^..  nf  a  i-apor-knife.     A  r-cr.!  .s  ol,tu„)..l.  un  whirl,  iho 

;i,.  ,nd  tl..  r.4uns..  c.u.  h.  wl.nl.li..!.  an.l  ih.  ...Ursul  nl  inu. 

iMtwt't'K  tliciu  iiuasiuiil.  , 

,,„  Tins  liino  sl.nuia  l»-  ro.nimml  will.  Hh   I-h..  .-(  iv  tnu- 

,,,1..  action  of  tl...  s,tM.r  .....scU'S  u.ul..r  tl.o  s..-,.  .o.HlU.ons  „1 
..,,s..vut>..n.  To  tins  ..ul  U  is  sumci.nt  to  sma.  ly  ta,  h. 
„1,1,,  „r  ml.b.t  tfoM^l,.  with  a  shp  of  woo.l  Nvh.lr  !.•  r  1  n.h 
,,,v„lves  ,.ast  th.  rcconlinf,  Ifvcr.  A  nihh.l  u,  tins  slat.,  o 
thi  hvjnos.s  ,ives,  at  each  tap.  a  slight  nil,  x  M.ut.  wnhoul 
.,lh.nvi:.a;^itatin,.ts.lf.  T\u-  .xatalory  tap  an.l  th.  nmsou  .u 
.vsponse  ar.  easily  ..lc.nt.lu..l  on  the  t.acn,,',  and  the  n.tuNal 
„t  tuur  hctweon  thfin  nicasuivdaslu^fore. 

,,,  ,lia.sivo.l.  tholost  time  of  .invct  excU....,on  n  h 
sauu.  nn.scU-s  hy  a  hr.ak  in.luclion  shock  may  h.  taU.n,  Ih. 
..l.Tliical  appaialuslH'in-anan-cdashtfoiv). 

spinal  Reflexes  in  the  Frog.  - 1  Vstmy  the  hnnn,  c.  hei 

,,,:^V  ...  hy  aeeapUation,  leavin.  th.  spn.al  eonl  .u..ct 
Su^lM.na  th.  fro,;  from  a  clau.p  hy  the  h-wer  javv.  I  he  taicasc 
will  M.m  han^'  (piile  motionh  ss. 

Make  the  foUowin,^  ()l)^ervations. 

;„,  I'iiK-h  the  to.-  of  one  foot  With  f.  -eeps  ,  the  le^  NvH  1>«' 
whh.ln.wn.  m.eh  ih-  toe  u-.ore  fore.hly  ;  both  \r~,.  may  nou 
;;,    "ulHhawn.  an.l  th.  upp-  r  lunhs  may  also  take  part  n.  the 

'""rMnnnlat,  the  fool  sM.h  0)  single  and  i'D  t..tani.in,^ 
,,^  ,  ,  „■    (,1,.,  ,N,    tlu.  ai.tanr.    of  >.co..aary  coil  from  prnnary 

'"  ';!!,'' rhu'!' on  ..nr  lUnk  a  small  piece  of  tiltrrpaprr.  n.oistcnea 
wnl,  a.,th  acia.  The  foot  of  the  same  side  is  ra.scd  to  rnh 
,,tf  the  irritant  (purposeful  movement). 

,,/,  If  a  nrale  fro,,  is  e.npk.yea  aurin,:  the  hreean.^'  season, 
it  w.ll  hr  founa  that  a  ,'entle  touch  .,f  the  finder  on  the  skm 
,,,,,  the  sternmn  wUl  cause  the  fore  H->''-/'';'.-i;  ''^.  '"'^  ^ 
int,  ohject.     T'his  retlex  is  -iven   from  a  short  isolated  U'li-tl. 

of  till'  spinal  cord.  .  , 

„,  1-laee  one  foot  i..to  OT  per  cent,  sulphuric  acid,  and 
„„te  the  time  which  elapse,  before  the  foot  is  withdmwn. 
Wash  otf  the  acid  and  repeat  the  observation  seveial  tunes. 
Take  the  average  time  of  response  (retlex  tniK^.  compan- the 
^;,,,,.^  ,.,|,,.„  0-2  j.er  cent,  and  ()• !  per  cent,  sulphuric  acid  is 
ill'r     Wash  o'ff  tho  acid  after  each  trial  with  pure  water. 
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I  (if  NaCl  KM   lli>^  (>Iitic  lol'fs,  iiiiil 
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It      I 


I  my 


iiir 


one  <) 


f  til 


fiiriMst"'  111 


Im.  fciiMiUniMy  I'IuIohl;.'.!,  uh 
iliilnti'.l  l>y  llif  .l.'sc.'iicim^'  .xciiiilinn 
-Tiiko  two  (It'ccnl'iiilii  fiti^-^,  l'l:ii-T 
■lit.  solution  of  loi  aim- 


l) .")  or 


()-2  1 


liyilroi'liloniii-,  iinil  Ifavc  i 


I  tlwiv  lor  ten  inimit.s.     'I'll,  n  iiij.rt 


.hiti.'ii  of  stry.'liiiiiu 


liyilro- 


llir.v  i,niiMus..laOl   i..r  .vnt.  suhiti.^n  of  stiyv 
,,l,l,,,,.l..  inl..tl..:a..iMillyinl.l.  >.^u'of  lM,tlifr..j;s. 

Aft..,-  .VIO  iM.nut.s  a  sli;;l.t  l.m.l.  on  llu'  skm.  -n'  'V-  n  a  pt 
t„  tlu.   lal.l.  ,   will  cMUs..  i,i..o.o,-,linat..    coiitra..l.o„.  ...   .1   H'" 

voliuit.uvn O.s.n.tlu.fn.,   .li.tl.asl.a,l.t.yd,n.n.u    .n.^; 

uliil..  ,m\1u.   fi-.  ll.>a  has  l,,..n   i-lao...!  M,  .o„a    ,nu^^^^^^ 

nu..lM.„v... l..v.Mi...Mv..n..,v..,n.Mts.ftlu-hM.l.s..lU.u.., 

at  th..  most,  ro-onluKif  ju.ni.i..^'  Mi..v.n.ci,ls  of  tlu'  In.uM.    --. 

,„stroy  tlu.  sl.i.uil  c..ra-n.,t..  lluit    .11  .vll.x  ,n..v.  ni.  nl. 

""spinal  Reflexes  in  the  Mammal.        "-.in  of  Uh   ^i  ukiI 

,,,,U.ss.-:n,l,..>.a,lHa.ntl,..  ..av:iM.  of       ,l,.caiu.a..a  annual 
,n,vi.lol  that  tlu.  :ul..n..s  of  tl..  n...k  liav..  l..;.-n  l..at.uol    luu^ 
;i,..a,ia..on  of  th..  hU.o.l   nianitanu.l  l.y  artilu.al   .vs,..at  ..n. 
In  s.u-1.  a  oni.aial.on  ihr  f.,llow.i.-  if-cls  may  W  -l-.  iv.-l .  - 
„n    nl    nniati.n    ./   roirt,on    acconli,i<J    to    natnn     .u.l 

1    Sa-atck  Mirr.-On  n.l.bin-  th..  skn.  at  th..   .a.k  ..f  ih. 
„,ck  .,r  oM  stimulating;  it  with  weak  in.lucti.>n  shocks,  th..  hnut 
li,„b  on  tlu.  samo  sido  may  give  a  scfics  of  alteinat..  H.^xions 

and  (  xt.nsions.  ,■    , 

■>  /•■/,  n,r  rcj!r.r.—\  painful  stimulus.  r,j.  a  l.iR.k  ai-iMud 
to  th..  for.  or  hin.l  foot,  caus..s  ll..xion  .>f  the  limh  (rj.  anuNn... 
up  ..ffr.i.''sluna  limb  when  aipiKMlmto  acta.       ,.,,.,. 

^  When  this  expernn.nt  is  carried  .mt  on  the  hma  Imih,  the 
,U,vi„n  .>f  the  stimulat..a  limb  may  W  ^Uvu^.d  with  oxt.ns.-.n 
of    the    hind    limb    ..n    the    opposite    side    (•  eross.d    ext..n^or 

''''T  ]'ash.olf  ,.<y/,r.-(lentl..  pressure  on  th..  pad  ..f  the  hind 
f.,ot,'so  as  t.;  extend  and  spr.ad  the  toes,  may  cause  ext.  ..Mon 

of  the  liud).  .  •        .  1  ,1  i>- 

.1     /vV..c-/>nV.-Thc  knee-jerk,  as  we  have  seen,  is  probably 

not  a  true  reflex,  but  .l..p..nds  on  th..  tonus   ..f    the  n.usc^ 

which  itself  IS  r..fl.:xly  maintained.     It  can  be  ea.  ly    chcitcd 

,  .    ...1.  1...    .,.;i.-;,,.r  till.  ii:itillar  teiulon. 
in  the  decapuaicd  uim-  b;,   -a,....-,-,  -'-  i-^ 
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{!))  Inhibition  of  njicj-. 

}\\iwsv.  an  aftVrciit  lurvo,  such  us  the  pcroiu'iil  nerve. 
Klicil  the  scratcli  reflex  and  when  it  is  i.r()nounce<l  stimulate 
the  nerve  with  wi^ak  induciil  currents.  The  reflex  is  at  once 
cut  short  (ir  inliihited. 

[O    l,'rri]in>ral  innrrvation  cf  <tntiif)oni-<tic  musclrs. 

I^xpose  the  iianistrinf,'  tendcis  on  one  side.  Make  I'ertani 
lliat  the  knei-jrrk  can  he  elicited  every  time  that  the  i>ateliar 
trudon  is  struck.  Now  draw  -,'entiy  upon  Ou;  hamstring 
tendons  so  as  to  stretch  the  muscles.  On  strikiuf,'  the  patellar 
tendon  no  knee-jerk  is  ohtained,  the  tonus  of  the  extensor 
muscles  bein^;  rellexly  inhibited  by  the  stretching,'  of  the  ham- 
striu'is. 
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;|-.    IMl'ir.M;    IN     MAN 


uKAi-noN    riMi:   ro 


■loK  ii-iir.AUiN(;-si.iin— TiiK  i-ii.k.mma 

Rapidity  of  nerve  impulse  in  man.  'ITr  <  i.vmi  for  ilus 
..xp..ruiunl  IS  arran^ra  „n  tl..  sam.  l-n.uMi.lc  as  lluil  In. 
iTcdnliii"  a  siiin.lt'  imiM-le  tuiU-h  il'i^'.  Hli. 

'    Ini.laco  ol  a  .Iruni  it,  .s  lu-llcL'  to  us.  a  p.n.lulun.  n.yo.^niph, 
anan.rlao.ot  Uu:  suupK.  slnkin,   k.y,  a  k.ek.v.r  k.y  is  to 
1„  usea,  uhicl>  wUl  ^.vo  a  s.n-lc  bnak  UHlurl.on  shock,  ulun 
struck  ni,cn  hy  U.e  pcuauhuu.     The  cxcitn,^  clcctroa.s  an.  o 
a  speoul  pall.  rn.     Thc,v  ar.  nuulc  of  a  metal  base  coNcud  uUh 
^vash-k■atlu.^  which  is  suak.a  m  salt  sulutiou  before  co.nmemM,,;^^ 
the   expe.:,ae,:t.     The  .lectruae  co.  nectea  .o  the  l-^j'-^';  '^ 
the  seo.naarvcireu.t  ..  lar.e  ana   tlat,  a.H     is  placea  on  ^. 
convenient  part  of  the  h,.ay  ;  that  conneetea  wuh    he  a,uK k    s 
a  rouna  knoh  about  I  n,.  u.  auuueter,     U  is  provuka      ub 
„,Hula.inu  banaie.  and  .s  appliea  to  tbe  skm  over  th    n     Ne    o 
he  st,muhac.a.     Procure  a  thick  rubber  tube,  clo.a  at  one     ,1 
ana  connect  the  open  cul  with  a   Marey  s   tainhour.  wlueli    . 
a,,an-eato  .rite  on   Uie    pkUe    of    the    penauluni    u.yn„apn. 
The  thick  tube  is  plact.!  in  the  palm  of  the  iKUub  so  that  when 
th.  lU.xor  sublnms  ai.itorum  contract,  the  tln.eis  w>ll  compn.s 
the  tube.      Stimulate,  u,)  the  inea.an  nerve  at  the  beiul  ol    he 
,lhow,    <^)    lb.    same   nerve  above   the  clavic  e    P'v-.n^    the 
.,,,,„,,.K.   aeeply    aown.     'l^ake    >—l  1---^  f--'^^^' '  -"- 
i„    ,vvviHe    oraer.       Take    also   a  ccuitrol.  exctn,,-    the    a  isc 
twice  m   the  same  spot.      Mark   the  tnae  by  a  Uu.m,  b-rk  m 
the  usual  way.     Kxamine  the  tracuis^s  pnulucea 

The  contraction  proaucea  by  stimulating  the  lar  point  of 
,U,  nerve  w,U  start  a  little  laKa-  than  that  pruuucea  ,> 
stimulation  of  the  near  pon.t,  ^^-^'^  ^'I'V^Tlh  1  " 
pUite  ana  calculate  the  time  taken,  hy  the  help  ot  the  tunm, 
ork  curve.  It  .s  only  po>Mble  to  obtain  satisfactory  mcasure- 
uienls  If  the  contractions  of  the  muscle  have  been  of  .VV^o.. 
.     ,;  ll.e  .nue  amount,      t.ocke'.  cyliiulncal  lens,  which  can 
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1)0  made  by  lillinr;  pieccfj  of  rIiiss  Uih'u\^  with  cedar  oil,  will  be 
fouiul  of  imich  assistance  in  di'tcnninin^'  the  point  wherr  the 
curve  leaves  the  base  line.  Measnr>'  also  the  distance  between 
the  far  and  near  points,  and  cdcul:ite  the  velocity  of  the 
impulse  in  metres  per  second.  I'or  mini  the  rate  is  about 
1)0  metres  per  second. 

Reaction  time.— This  tan  lu- measured  by  means  of  an  elec- 
tric circuit,  or  by  Waller's  method  of  air  transmission. 

Expo-imoits.  lifdctioii  time  to  totirh.  i'laee  a  signal  and 
two  simple  keys  in  the  [primary  circuit  of  an  induction  apparatus 


Vu.  -W.  I'.lcutrical  eireuit  for  ri';ii-iioii  time  to  VmA\.  \,  r\|irrnn.'iit.i- s  kr ,  ; 
].,  -iilij.rl's  ki'.v;  s,  si.^iKil,  Ail  111  primary  fiiciiit;  r,  ,  In  iiu.l.  -  in -■  onn.liuy 
circ-iiit;  i,  luiiiii;,' fork  ;  t,  timo  iiuiikcr  ;  iMlium. 

as  sliown  in  I'i^'.  :^0,  and  connect  a  pair  if  platinum  electrodes 
to  the  secondary  coil.  Arranue  to  record  the  movements  ol 
the  si^mal,  and  of  a  timin.i;  furk.  Let  the  suiiject  liold  the 
electrxles  against  his  tonj,'ue  with  one  hand,  and  with  the  otlu-r 
hand  hold  the  key  1!  closed.  Let  the  experimenter  then  start 
tlie  drum,  and  close  th,^  key  a.  As  soon  as  the  subject  feels 
the  make  shock,  let  him  l)reak  tlie  current  by  opening,'  the 
key  ](.  Draw  onlinates  to  the  curves,  and  determine  the  time 
elapsinj;  between  the  make  and  break  of  the  cuni'iit.  Jxe'peat 
this  e.xperiment  several  tinus.  and  take  the  mean  of  the  results. 


REACTION  TIME 


lO.J 


Uraction  tlmr  for  lu;tri>i</.S\hU  Uu-  s;niu"  circuil  as  in 

lU'ttro'li's,  K,  and  place  a 


tlic  t'liniicr  I'Xi^iniiiifnt,  ivniovc;  the 


irse  key  iiistcai 


1  of  tlie  Dn   I'.ois  lu  yiiioiul  key  at  A. 


ter  clns.-s  the  key  A  sharply,  aiul  the  subject  res^ 


Tlie 

xmds 


M< 

experiinen 

by  opeiiiti};  1!  when  lie  hears  the  tap. 

]{n,rti,ni  to  sLiht.—V^^^  the  same  apparatus.  See  that  all 
parts  work  n..is..le>sly.  I'luv  a  little  fla^'  on  the  signal,  s. 
J.et  the  siilijeet  res[M.n(l  when  he  sees  the  Hat,'  drop. 

The  dilemma.— Ise  the  same  apparatus  as  in  the  first  ex- 

p..rinieiit.  with  the  addition  of  two  switclil...ard  key«.  and  two 
pairs  oi  electrodes,  as  i,.  !m-,  C  (p.  VD-  Tl^u'''  ""^-  P'^"'  '"'^'^^ 
nioiste.u.l  forelii.-.-r.  and  the  other  on  the  moistened  little 
hn-er;   the  subject  is  '■    react  only  when  the  little  im-er  is 

stimulated.  .     . 

Wallers  method  of  air  transmission.    Tins  is  in  many 

r.'spects  a  moiv  sitisfaetorv  method  than  the  precedm-.  The 
apparatus  consi-ts  of  a  wo.'d.  n  U'Ver  ivstin-  across  a  closed 
india-nibb.a-  tub.  which  is  connected  with  a  Murey's  tambour. 
This,  top'ther  with  a  tuning'  fork  signal,  writes  on  a  drum 
moving  at  abnut  ."J  cm.  per  sec(nid. 

SimpJr  nartivH  tim<:  i'l)  Toinh.  The  subject,  blm.l- 
f„ld.d.  re>ts  a  linger  lightly  on  the  lever.  The  expernnenter 
taps  tlir  lin^.  !■,  and  the  subject  proses  the  lever  as  soon  as  he 

feel>  the  tap. 

(h)  Ihannq.  The  subject  sits  as  before,  and  the  experi- 
menter strikes  the  lever  with  a  small  boll  from  which  the 
clapper  has  been  r.-moved.  ,     ,    , 

^,.)  Sbiht.  A  screen,  throngh  which  the  white  end  of  the 
lever  prntrudes,  is  placed  so  as  to  eoiu'eal  the  rest  of  the 
apparatus,  and  the  subject  press...  th.    lever  as  soon  as  he  sees 

it  mo'.e.  ,  •     ,         . 

DhcrlmnuUlon  //^.r.  -The  apparatus  for  tins  has  two 
k.ve.s  which  lie  across  the  same  tube.  The  experimenter 
gives  two  signals,  eillur  tcuicli,  hearing  or  sight,  ami  the 
subject  is  to  answer  to  a  chosen  one  only  of  these. 

VvUfion  and  chvuc  timc-'YW  subject  places  the  right 
hand  on  one  lever,  and  the  left  band  on  the  other  and  only 
answers  with  tin-  left  side  when  that  side  is  stimulated  by  either 
touch,  bearing,  or  siglit.  The  average  of  ten  observations  I.-,  '- 
be  taken  for  each  experiment. 
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ii:iii;i;iiAi.  locai.i-atkin.     pkmonsthation 

Anii'silit'tisc  tlH>  uuinia!,  aii'l  anuii^'c  llial  llu-  iiiia'sllicsia 
shall  l)i>  unifia-ni  tliroii;,'li.iul  the  cxpiTiiiu'iit.  in-cffrably  usiiij; 
M>iiit'  I'ni'in  of  iv-ulaliii,u  iiilialcr.  'J'raclu'Dtoiiiisc.  Place  the 
animal  with  the  h;K-k  uiipmiicist.  lu'llcet  tin"  (•(!<,'(•  of  the  t.em- 
jioi-al  inusclc,  so  as  to  expose  the  skull  on  one  side  of  the 
median  line,  over  the  posterior  part  of  the  frontal  lohe  and  the 
anteri(U-  part  of  the  parietal  lohe  of  the  cerebrum.  Trephme 
the  skull  at  the  parietal  hone.  I'ailar-e  tlie  openin-  gradually 
hy  ehippini,'  away  hune  and  occlude  the  bleeding'  vessels  with 
sofi  wax,  until  the  ana  id'  the  hemisphere  about  the  sulcus 
cruciatus  has  been  fully  expose;,!.  Ketlect  the  dura  mater. 
Ai>ply  a  warm  cloth,  and  wait  until  the  bleeding  has  ceased. 
The  '  re  and  hind  lind)s  df  the  op[iosite  side  should  now  l)e 
unla-t   iK-d,  and  allowed  to  hang  free. 

Cut  lift  the  hair  fmm  any  convenient  part  of  the  bo.iy  and 
fasten  on  it  ;i  larue  tlal  tdectnide  from  the  srcomlary  of  an 
induetion  coil.  The  other  elecliMtle  is  in  tlie  form  .d'  a  tinely 
p,,ini,d  ne.'dle,  and  i-  applied  -eiitly  to  the  cort.'X.  Slinndate 
with  weak  tttanising  sh.icks. 
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SPECIAL  SENSES 
Ll'.SSOX    XXX II 

UlANKorS  SKNSATION— <-.rSTAT(HtV  AND  OLKACTOKV 

si:nsa'ii(ins 


Cutaneous  Sensation— In  all  the  fxp(-niiunts  on  sikcui! 
.rnsfs  unr  slucUnl  should  act  as  subject  and  another  as  r^in-n- 
laont th.y  should  revrrse  placfs  at  each  successive  seiies. 

2\. ,  /■.  — I'se  von  Frt'y"s  bristle  lesthesionieter. 

Tl  ;:  consists  of  a  handle  holding'  a  fine  brittle,  hair,  of 
■  dass  fibre.  The  pivssure  exerted  by  the  bristle  can  b.' 
HK.isured  bv  an  ordinary  (d.eniical  balance.  Let  the  subject 
clos..  his  ..yes,  and  the  exrerinienter  test  the  pressure  re^uuvd 
t,,  ..ivc  a  leelmu'  of  touch  on  various  parts  of  the  body,  t.;/.  the 
tip"of  the  ton-u<.,  lips,  tip  ..f  iinf^er,  palm  of  hand,  back  of 
Irand  back  of  forearm.  Notice  how  the  pre^ence  of  hair^ 
nio.lifies  the  result.  Ob>erve  further  that  uheii  a  hue  hbre  is 
used  in  the  u'sthesiomet.a-  the  sense  of  touch  is  not  distributed 
evenly  over  the  skin,  but  is  localised  in  '  touch  spets."  One  (..■ 
more  such  spots  are  almost  invariably  to  be  found  associated 

with  each  hair. 

Very  <,'entlv  touch  the  surface  of  the  cornea  %vith  a  clean 
"la-s  fibre— an  unpleasant  sensation  will  be  felt  that  is  not 
rouch,  cohl,  or  warmth,  but  is  more  allied  to  pam  :  most 
observers  therefore  come  to  the  conclusion  that  touch  spots  are 
absent  from  this  I'lace. 

The  sense,  r'  touch  can  also  be  examined  by  means  of  a 
standard  camel's  hair  brush.  0-5  cm.  Ion-  and  Oo  mm,  wide 
at  the  base  iTi'^t^'r  and  Davies),  or  a  wisp  of  cotton  wool 
(Head)  ;  but  these  methods  are  more  useful  in  exanimmL: 
the  r(>sult  of  iua-\e  section  than  on  the  normal  skm. 

]\\brr's  Cvnijui.^s  .i:stlusi,.mt'tcr.—Thk  has  two  bh.i.t 
metal  points,  which  can  be  >et  at  varying  distances  apail, 
lueasiiivd  by  :!  imllimeire  sc:ile. 
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Experiment.  Tost  the  same  rc^ioiiK  as  la'foiv,  and  inoasure 
th(!  smallest  distauco  at  which  a  douhl.'  impU'ssion  is  perceived 
from  the  two  lioints.  As  in  all  .xin  riinciits  of  this  kind, 
inteqiose  siii<,d(>  torn  lies  at  ivi(><,'ular  intervals,  so  that  the 
suhject  will  m  t  deceive  liiiiiMlf,  hut  will  answer  from  his 
actual  sensations. 

Compare  the  result  ohtained  in  this  way  with  that  -iven  hy 

von  Frey's  hristles. 

Cohf  Spots.  Usinj,'  very  li^hl  pivssure,  stroke  the  hack  of 
tilt!  hand  with  a  smooth,  hhiiit-pr)inted  instrument,  that  is  at 
l.iist  H  lower  in  tempirature  than  the  skin.  For  the  pre- 
liminary experiments  a  lead  pencil  an-^wers  the  purpose  very 
well.  At  certain  spots  the  point  will  i,'ive  a  sen^alinn  of  cold 
(piite  ."'■>t'nct  from  that  of  touch,  which  latter  sensation  is 
absent  from  the  cold  sjiot. 

For  accurate  work  use  the  Kronecker-Miescher  ivsthosio- 
meter.  This  instrument  consists  of  a  conical  lube  of  (ierman 
silver,  which  has  a  median  partitinii,  iiuuinplete  at  the  tip. 
Water  can  he  conducted  through  the  tube,  llowin^'  round  at 
the  tip  of  tlie  cone  throuj^'h  the  ;.;ap  in  the  partition.  The 
temperaturi'  is  read  off  on  a  little  tlunnicnieter.  The  end  of 
tlu>  cone  in  contact  with  tlu!  skin  is  a  eiiruhir  plate  of  thiii 
platinum.  I  mm.  in  iliameter.  (ioldseheider,  and  more  ncently, 
'I'rotler  and  Davies,  have  used  a  series  of  copper  cylinders, 
(I  mm.  in  diameter,  terminating  in  a  slu'tl  process,  1  mm. 
in  diameter.  These  are  heated  or  cooled  t  >  any  desired 
temperature,  and  applied  to  the  skin. 

Wuniith  ,S>/rs'.— Ivepeat  the  experiments,  usin-,'  the 
Kroncckn--]Miescher  instrument,  with  water  at  about  ;i.S  ,  or 
else  Trotter  and  ])avi<  ^'  cylinders.  Map  out  the  warmth  spots, 
and  note  that  they  are  fewer,  more  dilluse,  and  havi!  a  longer 
latent  period,  than  the  'cold'  spots.  It  is  inferre.l  that  the 
end-apparatus  is  situated  deeper  in  the  skin. 

Pain  S/uit-^.  I'se  a  tine  needle,  or  tlie  Trolter-Davies  hair 
alj,'ometer  (I'i.Lj.  oh.  This  is  essentially  a  line  needle,  held  in 
a  vertical  t^'uide.  which  can  be  pressed  on  the  skin  by  means  of 
a  vou  Frey  hair. 

The  needle  must  be  applied  vertically  and  the  whole 
instrument  d(>pressed  till  the  head  of  the  needle  has  risen  about 
a  .[luuter  of  an  inch.  Hearch  for  pain  spots  with  this 
apparatus. 
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Apply  tl,..  broad  cn.l  of  a  cylin.lor  hoate.1  to  50°  to  the  skm, 
„olc.  that  it  ivvh  hot,  a  sensation  con.poun.lc.l  of  '  warmth 
an.l  -pain.'     Test  th..  niside  of  the  cheek  opposite  the  n.ohir 
teeth.     '  Toucli,'  '  cold'  and  '  warmth  '  spots  are  present  but 
pain  siiotfi  absent.  .    .  .  . 

^      Complete,   tluse    observations    by    exammmt^   m.cn.scopic 
sections  of  UM  the  skin  of  the  foref.n.'er;  (6)  the  skm  of  the 
forearn.;   (.)  the  corn.a  ;  (-/)  the  check;   (.)  the  f^lans  perns. 
Ccimpare  the  numl)er  and  distribu- 
tion of  the  various  end-organs  seen 
in  each  section.     It  has  been  su^'- 
fjested    that    Meissner's    corpuscles 
and  the  nerv(--endin«N  in  the  papilla' 
of  the  hairs  serve  the  sensation  of 
touch;    'end    bulbs.'   that    of    cold; 
Kuffini's    end-or^'ans,    placed    more 
deeply  in  the  skin,  that  of  warmth; 
while"     the     free     nerve     lilaments 
ramifvin^'   amongst    the    supcriicial 
epithelial    cells    arc   affected    in   the 
sensation  of  [lain. 

Taste.— I'or  testin<,'  sensations  of 
tLste  use  the  following'  solutions- 
Quinine  bisulphate  1  per  cent, 
/bitter)      cane     sn   ar    •">    per    cent. 

sweet),  sodiuut  chloride  10  per  cent,  ^sa't),  acetic  acid  1  per 
cent  rour).  The  tou-uc  of  the  subject  is  wiped  dry  wi  h 
a  tu"ft  of  cotton  wool,  and  the  solutions  are  applied  with 
a  fine-pomted  bru>h.  Test  in  this  way  with  the  four  solutions 
the  «0  tip,  l/'>  the  sides  and  (c)  back  of  the  tongue,  ihe 
subject  wrues  the  .ensalions  experienced  on  a  slate,  as,  if  the 
toniue  be  withdrawn  to  speak,  the  substance  is  thereby  spread 

over  a  wide  area.  ■     ,      ,t       -c        \ 

Next  test  the  sensations  received   from  sm-le   (fungiform) 

papilla\  using  the  same  four  solutions. 

EtVect  of  C.'v"""'""  ■'^''''•"'■''■'■'"■'  ,    ,     , 

A,„,lv  a  .-.per  cnt.  decoction  to  a  small  area  of  the  tongue 
after  half  a  mmute  rinse  out  the  mouth   and  test  the  altected 
area.      Sweet    and   bitter    sensations   will   have    disappeared, 
saline  and  sour  remahiing  unimpaired. 

Smell.     The    acuteness    of    the    sense   of   smell    can    be 


I'lo.  :U.  — Trottii-Davic>  liair 
iil-omeur.  t,  thumb- 
piece;  N,  nccillc;  n,  von 
Fiey  bail'. 
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inrasurcd  by  means  of  Zwaanloniakci'H  olfiictoiuctrr.  This 
(•(insists  of  a  tnbc  which  is  passed  into  the  siilijcet's  nostril, 
a  screen  l»eint,'  interposed,  so  that  ho  cannot  sec  the  niat(  rial 
experimented  with. 

A  tube  treated  with  an  odorous  substance  slides  upon  the 
o)itside  (if  the  nasal  tube,  at  its  distal  end.  The  len^'th  to 
which  it  must  be  drawn  out  to  obtain  a  just  ))erce])tibl(!  snidl, 
^ives  a  measure  of  the  acuteness  of  tlie  subj(  ct's  olfactory 
sense.  'I'lu^  unit  or  'olfactie'  is  tiie  odour  eiveii  oil"  by 
7  mm.  of  india-rubber  tubinf^. 

E.rpi  riiiii'iits. — (1)  Determine  the  acuten(>ss  of  smell  with 
the  olfactometer. 

[•>)  Tilt  the  subject  first  make  himself  ajUKeic  by  liikin^' 
several  forced  n  spirations.  Then  let  him  shut  bis  eyes,  ;ind 
brin;4  up  to  bis  nostrils  an  open  wide-mouthed  bottle,  coii- 
t  iiiii  '4  strong,'  ammonia  or  spirits  of  camiibor.  He  will  fee! 
:i  prickiii;,'  sensation,  but  no  smell.  Then  let  him  close  the 
nostrils,  remove  the  bottle  and  take  the  gentiesL  possible 
snilf,  and  note  llu!  cban^'o  in  the  sensation, 

(:'>)  Let  the  subject  smell  various  substances,  an(^  note  the 
dilliculty  of  classification, 

(4)  Study  the  effect  of  mutually  anta;,'oiiistic  smells.  With 
a  double  olfactometer,  lead  separately  into  the  rii^ht  and  left 
nostril  the  vapour  of 

{(I)  Caoutchouc  and  parafliii, 

(//>   .Ammonia  1  per  cent,  and  acetic  acid  2  per  cent. 

Will  11  the  substances  are  accurately  balanced  no  smell  is 
perceived. 

(•"))  if  the  laboratory  possesses  a  small  room  ihat  has  well- 
litlin;^'  duors  and  wiiulows,  the  student  can  attemiil  an  estima- 
tion of  the  snjallesl  (juantity  of  an  odorous  siihsiaiice  that 
can  be  detected.  Measure  the  cubic  capacity  of  the  room. 
Wei^'h  very  cari'fully  by  counterpoise  a  small  stopinred  bottle 
of  niercaptan.  Let  the  experimenter  take  this  into  the  room, 
while  the  subject  waits  outside.  The  experimenter  opeie^  the 
bottle  for  a  few  moments,  clo.ies  it,  and  stirs  the  air  vi^'orously 
with  two  larj^'O  fans.  The  subject  then  enters  the  room  and 
sniffs  about  -"JO  cc.  of  the  air.  The  process  is  repeated  until  be 
can  just  smell  the  substance. 

[•'isclier  and  Peii/.oldt  ^'ive  -217  x  lU  '  imlli^raius  as  the 
smallest  perceptible  weight  of  niercaptan. 
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LKSSON    XXXI II 

lAl'IiUIMKNTS    (IN    Tin:    AUI'IToliV    SKNM'.    AND     llli;    SKNsK    .U 

r.i.uii.inicU'M 

Hearing-.      V'-xainiin'   scvcrul   ^-urccs  d'   snuml    tti:it    uivr  :i 
iiiumcmI  iiotr;   <,</.  a  lutiin-  fi.ik,  Mnlm  stmi',',  ti  Mni|H.t,  imiiiaii 

Vdicr. 

( )listi'Vr  that  iim>ical  note--  dnii  r  in 

(</)    ritcli,  (Irpnul.nl  on   llir  wavi-lnit:!!'  of  tin'  vilmuidiis 

ot  liic  air. 

(/.)    Loudness,  dt'iH'iKlent  on  llir  a!;i|ilmicl.'  of  tlir  wave. 

((■>   'i'inihrc,  (It'iK'iiiicnt  on  tiic  cliaiai-ii  r  ut  \hr  wave. 

The  pitch  of  audible  notes.  \'( mv  on  a  suvi.li.  d  violin 
siring'  that,  for  anv  ^'ivcii  string',  thr  [lii.-h  ol  llir  iiotr  (  nnU.-d 
val'iis 

(I)   Inversely  as  the  len;.'lli  of  ihe  sirin^-. 

{■1\    Dircellyas  the  sijiiare  mot  of  the  i.  :i>i.)ii. 

Foi-iliffeienlstrin-s  the  iioie  varies  inversely  a^  ihe  diani.  irr 
of  the  string',  and  iiiv<'r>ely  as  tue  square  root  of  its  deuMty. 

l':xaii»ine  the  limits  of  pitch  that  ean  he  heard  hy  the  hmnan 
enr.  The  hi^licr  limit  is  -ivm  hy  means  of  (lalton's  whistle. 
Lei  each  student  determine!  his  own  limit,  taking  llie  precaulum 
of  keepin-  the  pressm'e  of  air  sniqilyinu  the  whistle  constant. 
It  usimllv  is  ahout  ■JJ.OIH)  vihralions  jier  >.  cond. 

The  iowe>t  limit  is  ahout  \'>  U>  'Jn  Ml.ratioi;>  j.erstc.aid. 

Smallest  perceptible  difference  of  pitch. -I>.  i.  rmiue  ilu> 
smallest  interval  of  pitch  that  can  he  del.  ru.!,  usin<:  twc. 
tuning-  forks,  of  which  one  remains  constant  and  llie  pitch  o^ 
the  other  is  varied  hy  means  of  a  slidini,'  clip.  A  trained  (  ar 
can  delect,  in  the  middle  of  the  ran-e  of  audilile  note;;,  a 
difference  as  small  as  ()-2  vihratioii>  per  second,  which  is 
approxim-ately  CMual  lo  one  sixty-fourth  of  a  semitone. 
Jli^her  in  the  scale  the  smallest  peiveplihie  ditference  is 
much  -^Mvater.  Let  the  student  atlem).;  to  measure  this 
'  dillerential  threshold'  '.'or  viliraiioiis  hetweeii  i.".,(HH)  and 
'iU,00(J  per  secomi  with  (Jaitou"^  \\iiiili>  . 
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Interference  of  tones  or  'Beats.'  -Strikf  siimiltamously 
two  tunm-  folks  of  i.iciitical  pit.'li.  The  tone  sensations  iim 
(-Mi.lly  uuifoMu.  Now  altn-  one  fork  very  sli^ihtly,  l>y  slidinj,' 
the  cliuiil>  llx'  tone  is  no  longer  uniform,  but  swells  and  falls 
in  lou.ln.Ks  it  '  heats.'  Tiies...  heats  are  due  to  the  inter- 
feronc  of  the  sound  waves  from  each  fork.  It  can  he  shown 
that  when  one  fork  -ives  .r  vihrations  per  second,  and  another 
x  +  y  vihrations  per  seeoivd,  there  will  he  //  heats  per  second. 

Resonance.— Hold  a  tuning'  fork  over  llu:  appropriale 
r.:sonator-the  latter  will  respond  hy  ^-ivin'^  out  the  same  note. 
Sli^ditly  alter  the  pitch  of  the  fork  hy  sliding'  the  clamp,  and 
note  that  the  resonator  is  now  silent. 

Determine  hy  means  of  a  small  whistle  the  resonance  of 
the  tone  of  the  external  auditory  meatus.  It  is  ahout  the  note 
l\  When  the  proper  note  is  reached  the  sound  ajipears  to 
have  a  peculiar  piercing  character.  Insert  a  piece  of  ruhi'cr 
tuhinj,'  ahout  half  an  inch  Ion-  into  the  meatus  of  hoth  ears 
ami  note  that  the  resonance  tone  chan,L;es. 

The  memhrana  tympani  has  very  feehle  power  of  resomuice, 
due  to  the  curvature  of  the  surface. 

Loudness.— Threshold  value  of  sound. 

Close  one  ear  wUh  cotton  wool  and  detc^rmine  the  distance; 
at  which  a  watch  can  he  heard  hy  the  otlu'r  ear.  Note  the 
varyin;,'  distinctness  of  the  sound  when  just  at  the  threshold. 

Timbre.— Couipare  the  different  (jualiiy  of  the  sound  given 
when  tlu,^  sanu-  note  is  emitted  hy  various  musical  instruments. 
The  character  depends  on  the  addition  to  the  simi)le  sine  wave 
vihration  of  the  primary  tone,  of  other  vihrations,  usually 
hearin-  certain  simple  relations  to  it.  Some  of  these  an;  easily 
recot.'u'ised.  Thick  the  violin  strin.u,  and  as  it  vihrates  gently 
touch  the  middle  of  the  siring  with  a  feather.  The  string  will 
then  vihrate  with  a  node  in  the  middle,  and  vvdl  emit  a  tone  of 
twice  the  freipiency  of  the  primary     the  octave. 

Again  pluck  the  string,  let  it  vihrati'  simply,  and  listen 
carefully  ;  the  octave  can  he  heard  as  well  as  tlu^  primary  note. 
S(!Veral  other  overtones  can  he  detected  with  practici'. 

Noises.  -  Sltike  the  table  with  a  stick— a  noi.se  is  produced  ; 
that  is,  a  tone  where  the  vibrations  have  no  simple  relation  to 
each  otheL'. 
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vihrations  also  }^\■nl 


duce  the  sense  of  noise.     Hold  a 


ton'-ue    of    metal    against    the    cogs    of    a  toothed  wheel    and 
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;,'rii(1iiiilly  rntiid'  llir  l;ittrf— u  (1  itlriiii:,'  ikm-^i'  i-<  prnilnccl 
which  liccdini  s  a  iihhi'  ii  liss  (Irruiilc  in'tr  :is  th^  s|i(cil  nf  llu- 
wIk'cI  is  iiicri'iist'il. 

Membrana  Tympani.— To  c.h-(  ivc  tin-  stnirimv  in   iii;iii, 

thr  stlldriit  fjistilis  till'  lMrviU-""'i'i'I"'  '""""'  ""  '''""  fi'l'll'ild  sn 
IIS  In  lliriiw  till'  li-lit  into  llir  i  xtnior  ;miliiMry  incalus.  He 
thrii  very  j,'riill\  in-(  Its  ;i  s|Mciihiiii,  jiiilliii^'  lln'  iiiiiiia  iipwiinis 
!iii(l  hackwiinls,  whi'M  ilic  iiirinliraiia  tyinpaiii  ci'in.s  iiild  \ic  w. 
This  will  api'rar  liaise,  -iii.hiiIi  and  s,  mi-tran^iian  iit.  Tin' 
(•(■litre  nf  iiiiiiii  is  iiidfe  fetriicteil  than  the  rest,  \\\v\  ]iii~~iii!.; 
iiliwanls  anil  sli'^hily  forwards  froiii  tins,  uiil  iie  seen  the 
liaiidic  nf  the  iiiiilleiis.  'I'his  tirniinales  near  the  iii>ii<t  niMrein 
in  a  Iirniiiilience,  the  short  (irnees-,  of  the  inallells  ;  frniii  this 
pniiit  sliort  folds  jia^s  forwards  and  hackwards,  heiweeii  these 
folds  is  the  nil  iiihrniKi  jJitfr'nId.  A  trian^nilar  eoiie  (J  li,v,dit  will 
111'  seoii  jias-iii'^  froHi  the  ii mha  forwards  and  downwards — this 
is  the  ivfh'ctinn  of  the  li'dit  used  in  exnminin^'  the  ineatiis. 
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...ssiviK.N    .'!■    rvi:-Tiii:  kvk    ns   an    .uti.ai,    insiui-mknt 

AUTlHtlAI,     l.Vi:S       KKllNA       ITN.   lluNS     ...       llli:     U<IS 
A(  COMMnPATION 

Physiological  anatomy  of  the  Eye.  VW.^uuur  tlu-  fn  si, 
..v."  ..f  an  cs  or  slu.i..  I.l.ulify  U...  .unua,  .rU-u,Ur,  IIt 
iHUsdrs  o[  llu.  .vrl.iil.  ll...  .•onjun.l.vM.  ;u..l  Hi-  'rlu-  n.n.'. 
|,„ok  thn>u-l.  tlu'  n.nuM  mm.I  s.r  ihr  ,lark  Lroun  n.s.  uliul. 

l,.:iv.-  a  N.rtu'ii!  impil. 

K..,„.nv  llu-  a.ilu.nnt  fat,  a.ul  luakr  a  \ -.hai...!  .nc.s.on 
M.tn  llM-  sri.Totic  ;  the  ui.lo  ends  of  th.-  V  Ur.uinatiiif,'  luar 
the  .ci.rn-coi-n.al  junction.  Carefully  luvl  ui-  t  sckTot.c, 
■UHl  notice  its  dark  lainiw,  fusnt.  The  ch.,ro.a  coat  now 
comes  into  view,  covered  near  the  s.^ro-eorneal  junction  l.y 
the  pale  f.l-res  of  the  ciliary  umscle.  1'.  .1  utl  the  choro..)  u. 
its  turn,  and  see  the  pale  r.  tina  lyinj,'  witlan. 

Cut  the  eye  in  two,  under  wat.r,  by  means  ..f  a  cncnlar 
incision  so  as"  to  divide  it  into  an  anterior  and  posterior  hal. 
In  llu'  latter  note  the  retinn.  usually  detached  from  the  choroid. 
,nd  the  optic  dise,  where  the  iilues  of  the  optic  nerve  leave 
the  eyeball.  ( )i)serve  the  retinal  artery  and  vc^ins  ra.hatm-  out 
from'lhis  over  the  surface  of  the  retina.  In  the  anterior  half 
of  the  eve,  identifv  the  vitreous  hmuoiir,  the  erystalline  lens, 
with  its  susp.  nsory  li-ament,  and  the  ciliary  processes. 

The   Eye    as   an   optical   instrument.       Fonnatum  oj 

iniaaes  on  th  ;< /./m.  -  Make  a  little  window  u,  the  posterior 
part  of  anotli.r  bullock's  eye,  reiuovui-  caivtully  the  lat, 
sclerotic  and  choroid,  leavin-  the  retina.  Turn  the  cornea 
towards  an  incandrscenl  lamp,  and  observ..  that  1  h.re  is  a 
,l,.ar  inverted  linage  on  the-  ivtina.  Move  the  ry.ball  touards 
the  lamp,  the  imai^e  enlar-es  and  becomes  blurred,  as  the  <knui 
c  ye  IS  adjusted  fur  distant  vision.  Place  a  weak  convex  k'Us  iii 
front  ot  the  cornea  ;  the  im.ig-.:  can  a-aU:  be  ioe'!--ei 
retina. 
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Tills  iXjHriiiicIlt  Cim  \<>    limn'  rli  ■;.Mllltly  |  irfnniud  nl'   llic  »  Jr 

it  III!  ulliihii  i;il>liit,  lis  ill  iliis  case  1111  ili-Mctii  ri  i>  ni|im<  il. 
JAaiiiiiif  till    viuioii~.  fnriiis  of  iirliticiiil  <vr  jiniviilrd,  iiml 


KJciitify  ilic  [lails  sii|i|i()M(l  111  ciificsiicinil  tu  iiif  liviiii,'  Kinic- 
tiirtH.  Till'  small  ryes  imuli'  hy  llanly  am  v.iy  coiivriii.  iit  fnr 
many  cxiirriiiH  uts  ;  tiny  can  In-  inadc  < miiK  tinpic,  iiiyoiiic, 
ov   liy|n'rmilni]iic  at   will,   and   tlif    fi'iiuatii'ii  of   iiiia^-rs   ami 

firclrs  ii{  dltt'lisl.in  casllN    stu.lir.l. 

I\iiliiir\  ((rliiifiiil  I  i/t.  — !{(  [(cat  thr  alinvf  iNi>criiii.iil  with 
Kiiliiic's  I  \r.  'i'his  aiiiiaiMtiis  ilhistralcs  \iry  \m  II  tin'  addi- 
Imiiiil  pniiit,  tiial  till-  iii'ist  |M,\\.rtul  ictnii'tivc;  siu  face  in  the 
.•\f  1-  till'  [innl  r,f  till'  cuiiiia,  liic  Iclls  allliiiiiull  Ilimv  cIliM  ,1 
haviii;;  its,  I'l  fiarlivc  imwii',  as  the  aiiiinml  I'f  n  fi  aclinli  n\ 
;in\  i^ivrii  iiii-  is  |iriiiiiirliiiiial  tn  the  ditl'n'i  in-''  "f  tin'  nfiadivi' 
iinhc.  s  iif  its(  If  aiid  thr  iiiiiiium  in  wliii-h  it  is  jijac.  d. 

Perception   by    the    retina. — 'I'hr    >tndi  nt    s| 1,1    m  \t 

cNamiiic  llic  dilli  n  111  jiarts  df  liis  nwii  iilina.  i'ur  timst  ol 
these  (Xix'fimt'iits  he  will  i'ei|uii<'  t"  leani  the  ait  I'!  loMkin- 
directly  at  a  fixed  siml  and  altelidint,'  lo  the  seiisalieii  |.iiidiui'd 
hv  other  spots.      'I'his  IS  iml  diriicldt  aftiT  a  little  jiraellee. 

(il)  'I'lli  IIIKi-ili'il  Intnl.  CleSC  the  eyi  s  lnl'  aoniit  half  a 
iniliute,  and  lliell  open  lliein  so  is  tn  liji'i%  at  a  white  siiiface 
or  a  I  II  ar -^ky  tluMiit,di  a   llat-siiUd   i)oltle  emilainm;:  a  s.,hitiiiii 

of    chl'iinie  alum.       A    luse-Cnimiii  d    '  ihlitlcal    s^,,,t    uill   hes,,.ii 

on  a  hliie-;;n.'(Mi  ground. 

(Al  'ihr  j'i<ri(i  II  iitnilis. — 'i'his  is  ihe  area  of  iii'-t  distiiicl 
vision,    wliicdi    suhtcnds    an    aii;;le    niiicli    less  than   ini-ht    he 

CNlieCtcd. 

Close  one  eyi',  li\  llie  ea/f  of  the  other  nil  the  centre  of  a 
wold  of  live  letters  ill   tills  pa^e.       If    the  eVehall  dees  llol  llliiNe 

only  one  word  is  distinct  ( iimiuli  oi  he  nad. 

1  >etermiiic  the  acnleiiess  nf  visinti  at  tlu  f,  .ve  i  hy  nieasinine 
till'  minimum  anele  at  which  letters  can  he  nad,  usin^' 
Siiellcn's  test  tvpes.  'I'he  normal  e\e  shniild  recneni-^e  a  letter 
siihtcndinj,'  not  more  than  live  minutes  nf  arc  The  result  is 
slatid  ill  ophthalmic  practice  as  a  fraction,  tin  iiiimeratur  heiii^; 
the  standard  distance  for  examination  iti  metnsi,  the  denomi- 
nator the  distance  at  which  the  iinrinal  eye  can  distinj,Miish  the 
smallest  letters  that  the  eye  ti  i  he  tested  can  identify  at  the 
standard  distance.  The  'ineular  distance  ajiarl  at  which  twn 
linos  can  bo  soi  n  separaleU,  is  ahoiit  one  minute  ol  arc.  wliu  h 
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arproximatoly  coircspoiu.s  to  the  distance  I.etNwen  the  centres 
of  two  ailiacent  cones  on  the  retina. 

(r)  The  peripheral  part  of  tlo  n//mr-This.  Uion-h  the 
inKKvs  are  less  distinct,  is  more  sen^tive  to  li-lit  tlian  the 
f„v."a  Examine  hv  (lotch's  modification  of  the  spmth.M- 
sco.H.  In  thr  comltry  it  is  easy  to  verify  ihe  (,l>MMval>on  <,n 
the  fixed  stars-man.  more  stars  are  vi^hle  l,v  mduvel  visum 
tliaii  when  thev  are  hioked  at  directly. 

Mnvin-  ••hjects  are  iimeh  iiu.re  readily  noticed  at  th.. 
ix.iii.h  ai\iarts  of  the  retina  than  are  stationary  oiu-s.  I'lx 
the  VI  -  i  on  anv  spot,  and  notice  how  stationary  ohj.  cts  near 
U,,.  e,  f  the 'visual  field  are  lu-lecled.  wlule  any  movement 

is  (ihserviM-.  at  once. 

„/)  The  blind  xpof.  Th.-  optic  disc,  where  the  oplic  lU'rve 
loaves  the  .'ve,  is  quite  insensitiv.'.  Imx  one  eye  as  hefore, 
cdosr  the  ..ther  and  stand  at  arnfs  h  n-th  hefore  a  hlark-hnard, 
hvimvA  the  head  motionless.  Take  a  pi.c-  of  chalk  m  one 
hand  and  map  oet  the  hlind  spot. 

Functions  of  the  Iris.  Pupillometry.  Dunn.o  strong 
illumination  the  iris  contracts,  diminishmf,'  the  si/e  of  the 
IMipil,  so  cnttino-  „iY  the  mai-inal  rays  of  the  .•ornea  and  lens, 
a;ul  dimimshm-  spherical  and  rhromatic  aherratmn.  Dunn- 
ftrhU-  illumination  the  pupil  expands.  ,    ,  ■    ,       , 

F,prrimnit^.—TW  suhject  c-veix  hoth  ey.-  with  his  hands 
for  a  few  moments,  and  removes  them  iiuickly  the  pupils  will 
he  seen  to  contract  rapidly. 

The  pupil  also  contnicts  ^vilh  the  act  of  a.comnuMlation. 
Let  the  suhject  look  at  a  distant  nhjcct.  and  suddmly  accom- 
modate for  a  near  ohject  the  alteraiion  in  si/r  is  rradily  se.n. 
Thr  student  can  readily  pena-ive  the  chanj^'es  m  si/.e  of  iis 
own  pupil,  under  different  conditions,  hy  means  of  hicks 
entoi.tic  method.  Take  a  thm  card,  make  a  fine  hnle  with  a 
needle,  and  liold  the  - urd  close  to  the  eye  ;  the  hole  wil  hv  seen 
:,sa  diffuse  circle  wh.ch  varies  m  si/,(.  with  thesi/e  of  the  pupil. 
Make  two  holes  at  such  a  .listauce  thai  the  two  circl.  s  just 
touch,  under  ordinary  conditions  of  li^ht  and  relaxed  accommo- 
dation. Diminish  the  illumination  -tlu' two  circles  will  (n-eriap. 
Throw  a  hri-lit  li^ht  into  the  otiier  eye— the  cireles  separate. 
Aecommodate  for  a  near  ohje.l  -  the  ciivl.-s  s.-parate.  Measure 
t;,.'  distance  iK'tweeii  the  pin  hol.'S  m  each  case  that  ^-nvs 
circles  wliicli  jusl  I'liicii. 


ACCOMMODATION 


117 


fi 

Si 


Accommodation. — Tlie  noriual  luuiiini  lyc,  when  m  rest, 
f(jcushis  exactly  (111  llic  I'cliiia  rays  of  li^^lil  fciiiiiij,'  fmin  a 
distant  ulijtct,  which  arc  practically  pai:'  '  1  'i'hc  rays  of 
li^'ht  from  a  near  ohjcct  are  slijj;h'  tuv.  ;■_-  nt  ,  'o  t'c'i's 
these  on  the  retina,  the  refractive  \>o  ^  r  •it  'A^r  rw  .  nist  he 
increased.  This  is  accouipHshed  in  i  j;  ';}■  .'.he  \vh  alinn  of 
tin'  siis^M  ii.^ciry  hj^ament,  so  that  the  lei.-,  ij.  '•o.ims  nio.e  convex 
by  virtue  of  its  own  elasticity.  Near  and  far  ohjecis.  then  Tore, 
can  he  seen  (listiiicliy  in 
succession,  hut  not  sinnil- 
taneously. 

F..i'pcriiiicnt-<.  —  I'lace 
two  small  (jiijectN  >o  thai 
on(^  is  ahout  twelve  inches 
from  the  lye,  and  the  other 
ahout  1-")  fiet ;  observe  that 
either  is  distinct  but  not 
both  at  once. 

Limits  of  Avcomodd- 
tion. — Diterniine  these  by 
means  of  Hui/in;,'a's  i'nnc- 
tumeter.  The  far  point  is 
for  a  normal  eye  at  an  in- 
(ii"te  distance.  The  near 
ponil  varies  with  the  eye  of 
the  subject.  In  the  punc- 
tumeter  the  far  point  is 
brought  close  to  the  eye  by 
means  vi  a  convex  lens,  and 
its  distance  then  measured 
on  a  scale,  which  is  so  calcu- 
lated as  to  read  the  refrac- 
tion of  the  eye  directly  in 
+  or  —  diopters,  alhnsance 
being  madi'  in  the  calculation  for  the  etTect  of  the  convex  lens. 

The  (listiince  between  far  and  near  points  gives  the  range 
of  aci'ommodation. 

ScJieim  r's  Esjii  riiiunt.  This  illustrates  both  accommoda- 
tion, and  the  invc  ision  nf  the  retinal  image.  'I'ake  a  card,  or 
better,  a  thin  meial  plate,  that  lias  in  it  two  small  hoK  s,  at  a 
less  distance  apart  than  the  diameter  of  the  pupil. 
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..     :fj.     -Slllrilici-'^     tXlUlillKilt.       I.     kH'J 

thi'  course  (if  tlie  )ii'ii(  IN  ut  li^'lit  when 
'iiu  t'vu  i»  I'licu.ssril  for  llii'  mar  imiiil,  n  ; 
II.,  till'  |iallis  wlieii  tlu  eye  is  focu-necl 
for  a  ilistiiut  iioiiU.  i . 
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Take  two  otlirr  Liirils.  In  one  make  a  snio:)tlt  round  Ik-Ic 
•J  111  in.  in  diameter.  Place  it  either  a-ainst  tlie  windosv  or  a 
lamp,  at  al.out  10  feet  distance.  Hold  the  plate  with  the  two 
small  holes  dose  to  the  eye,  and  look  at  the  brif^htly  dluinmated 
h„le_it  appears  sin<;le  ;  now  accommodate  for  the  linger  held 
iieartlie  ey«v-the  ima'^euf  the  illuminated  hole  l)ecomes  double 

(see  V'i'A-  '■''-■  ^'o.  I). 

Slide  a  visiting  card  so  as  to  occlude  one  hole  m  the  plate  ; 
for  (xample.  the  ri-hl  hand  hole  l3  in  I.  The  ri-ht  hand  ima-e 
will  disappear.  This  is  because  the  left  hand  mia-,'(;  h  li  on 
the  retina  has  been  abolished,  in  consciousness.  Therefore  the 
right  hand  ima-e  seems  to  vanish,  since  it  is  projected  throuf^h 

the  nodal  point.  ,,  i    i     • 

I'crtorm  the  converse  experiment  by  prickmg  a  small  hole  m 
the  second  piece  of  card,  and  placing'  this  between  the  eye  and 
the  li^ht,  close  to  the  near  p<.int.  Accommodate  for  infinity. 
\  double  ima<,'o  of  the  hole  will  appear  as  before,  but  on 
occluding  the  right  hand  hole  (^)  in  the  metal  plate  the  left 
hand  image  now  disappears  (see  Fig.  :V2,  No.  ID- 

Changes  in  the  lens  during-  accommodation.— \\  lu  u  the 

suspensory  ligament  is  relaxed,  the  anterior  suifac.  .f  the 
lens  becomes  more  convex,  the  radius  of  curvature  cluuigmg 
from  lU  m.m.  to  (1  m.m.  The  posterior  surface  is  less  aflccled, 
the  radius  changing  from  abor'  C  m.m.  to  •")  m.m.  The 
anterior  surface  of  th<.  lens  bulges  forward,  the  range  of 
movement  being  about  0')  m.m. 

E.rpcrit)unts.  The  subject  accommodates  tirst  for  mtmity, 
and  secondly  for  a  near  object,  keeping  the  optic  axis  fixed. 
The  experimenter  looks  at  the  eyt  in  profile,  and  observes  tiiat 
the  iris  is  bulged  forwards  by  the  change  in  the  lens.  The 
pupil  also  contracts  as  has  been  mentioned  i>reviously. 

Thr  l-hnb,.<roj>t'.  Sanson's  ///(-/tfcs.— This  is  essentially  a 
trian-'ular  box,  at  one  corner  of  which  two  prisms  maki-  three 
pairs'of  images  of  a  bright  light  (the  filament  of  a  Nernst  lamp 
is  a  suitable"object  to  use)  on  the  eye  of  a  subject.  The  imag.>s 
are  reflected  from  uO  the  anterior  surface  of  the  cornea,  which 
.■ives  a  bright,  erect,  virtual  image  ;  (A)  the  anlenor  surface  of 
The  lens  ;  this  gives  a  dim,  erect,  virtual  image,  apinirently  deeper 
in  the  eye  than  the  other  ;  ir\  the  posterior  surfaw:  of  the  lens, 
which  uives  a  dim,  inverte.l,  real  imag.'.  When  the  observer 
has  made  out  tliesc  three  pairs  of  images,  liie  subject  accom- 
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iiiodiilfs  for  11  iR'iif  ol)jcct  witln'iil  Hliifliii-,' the  oi)tic  axis  -{a, 
is  uiicliiinj^'eil  ;  in  (h)  the  two  iiiui^'cs  hecnmu  siuallcr  and  closer 
tof,'etlier ;  in  (r),  uixler  ordinary  eimditions,  no  chan'je  can  he 
dete  I'd,  thou<;h  there  is  in  reaHty  an  alteration  of  tiie  same 
kind  as  in  (/>),  hut  niueh  less  in  amount. 

If  the  student  has  any  difficulty  in  seeing'  these  imaijes, 
1)0  can  construct  a  model  of  the  refracting  apparatus  of  the 
(•ye  hy  placini;  a  watch  i,'lass  a  little  in  front  of  a  hi-conve\ 
lens.  l''xamin(!  in  a  tlark  room  the  imaj^es  of  a  candle 
reflect<  d  from  ('0  the  anterior  surface  of  the  watch  ^dass  ; 
(/))  the  anteriiir  .surface  of  the  lens  ;  (r)  the  posterior  surface 
of  till'  lens. 
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Li;sS()N    WW 

l>ll]aTS    nl-     TllK    l-Mv— I  ol.dl   K    M.^lti.N    -  ('( i.NTliAST     ^ 
Al  TEi;-lMA(.l.S 

Defects  of  the  Eye. — 'I'lu'  iiornml  fyc  suiifis  I'lom  two 
(K'fci'ts,  splicruil  ;il>trnilii)ii  aii'l  rlii-nmulic  ahrnatinn. 

S/ihcrir'il  Ahcrrittitiii.-  '^lll•^  fan  rcadilv  In'  situ  in  Kiiliiii''.s 
iirtilicial  cyi),  or  (Iciiioiistialud  ^n  the  liuiuaii  subject  liy  iiicaiis 
(il  ati'iipiiK'. 

I'lact;  DiK'  (he;  of  H'l  luT  ctiil.  sululiciii  oi  alrcipinc  sulpliatu 
in  onr  eye  ^c.i/.  the  ri^liU,  an^'  wail  fur  'JO  iniunlc.-,.  ^\"lR■ll  llu' 
iris  is  fullv  ililatt'd.  lo.ik  at  a  niodriali.'ly  lirij^ht  oljjrcl  at  a  con- 
siilcraliK'  dislancf,  witli  raidi  lyc  sr[iai'aU'ly.  Ndtc  llial,  willi 
ihe  lii^lit  t'yt\  the  ()l)jccl  Inciks  murli  li|-i^litt'r.  Imt  tlial  mi 
accdunl  of  splurical  aheiTalion  its  rdj^fs  a[)[(ear  liluncd,     Cuni- 

r  I  lie  apjicarancc  sciii  with  tlir  left  eye  M\\y,  from  wliicli 
llir  '  hlM  dialilira;4ia  '  lias  Ui_)l  lacil  It  UloVcd. 

(lirdiiKitir  .ihi  rr'ilioii. — In  llu;  i\t',  as  with  otlu'r  siiii[)lc 
L-oniliinations  of    Iciisi:^,   the    forus    for    the    ]>luf    end    of    tin; 

■(■ti-iini  Ins  a  little  cKiser  to  the  lens,  than  that  for  lliu 
red  (  lul. 

(1)  iiolcli's  K.rjii  riiiii  lit.  This  is  a  pariieiilar  appliciition 
of  liu'  nietlioil  sii^'j^oteil  liy  J lellnholtz. 

An  incandeseenl  eleelnc  lani[i  is  vieued  throii;^'li  a  suitable 
tliickTic  ss  of  eob.ill  ^'lass,  a  [iin-linK>  stoi)  beini^  )ilaei'd  between 
the  ^lass  and  the  eye.  A  carrier  is  titled,  to  allow  a  coUiuiatitig 
leii^  to  be  inserteil  belwieii  the  ,i;lass  and  the  lani[i. 

( )bserve  the  following,'  laels  : 

If   the  <ibject  is  tive  or  six    feet    from   the   observer  (i.r.  well 
jevcaid   his  near  point),  two   lilament-.   are  seen,  one  red,   the 
other  violet-l.ilue.     The  red  olio  is  the   more  distinct,  the  blue 
is  on  one  side,  and  is  blurred. 

On  movin„'  the  carrier  and  sto[)  from  side  to  side  in  front 
uf  the  eye,  the  red  bharp  ima;4e  remains  lixed,  whilst  the  blue 
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our  iiiiivts,  the  iiiolioii  lii'inj,'  in  llic  siiiiic  dirt'ctioii  as  tliat 
of  tlio  iHii-hulc,  Uius  showiii;^'  tliitl  the  vioK't-l^luu  rays  mc 
I'ocussid  ill  fiunt  of  the  lotina. 

1I\  [iiiiiii  tropic  ohsc'i'vtis  iiuiy  easily  ;4et  witliiii  tlie  near 
point,  at  a  distance  ol  a  few  feet.  Tlie  hlue  iniaj,'e  may  now 
become  distinct,  and  llie  red  one  l;roa(l  and  ill-detiiied. 

t)n  moving  the  diapliragm  tlie  blue  image  is  steady,  wliile 
tile  red  one  moves  in  the  o[ipnsite  direcii.)n  to  the  motion  of 
the  pin-hole,  indicating  that  liie  red  ra_\s  au'  focnssed  l*ehind 
the  retina.  In  a  normal  individual  ll.e  same  lesiill  may  lie 
ohtaine<l  hy  using  an  apju'opriale  hiconcave  lens. 

if  till  lamp  he  situated  at  the  near  jioint,  then  both  red 
and  blue  images  sometimes  a[ipea.r  Kjually  distinct,  but  both 
lia\e  ill-detined  margins.  On  moving  the  pin-hole  from  side 
til  side,  both  images  iiinve,  so  as  to  diveri,'e  from  or  appruiicb 
oiie  another. 

(■2)   nui   Hc^jiil'I's   l-^.rpi  riincitt.-  'V\M-r   b'ig.  .'i.')  close  to  tlio 
eye  and  look  at  it  with  imperfect  acrummudation.      'riie  wliiti' 
circlis  seem   no  luiigei;  colourless,   but   lo 
most  people  ap[!ei'a'  pinkish   blue,  thouuh 
to  soiiu'  they  assume  a  yellowish  tint. 

lunirs  (//'  luj'rai-tmn.  Mi/cj'id.  In 
the  iinrmal  or  emmetropic  eye,  at  n  si, 
[larallel  rays  come  to  a  focus  ou  the 
retina.  In  the  myo[)ic  t'ye  the  refractive 
a[iparatus  has  a[i[iroximatrly  the  same 
curvature  as  tlie  iKirmal,  but  the  antero- 
posterior duumter  of  the  eyeball  is 
lenglbeiied.  The  retina  is  therefore  too 
far  back,  and  parallel  rays  from  a  distant  oliject  come  to  a 
focus  in  front  of  the  retina.  .\s  the  object  approaches  tlio 
eye,  a  point  is  reached  white  tlie  divergence  nf  the  rays  com- 
peiisatrs  for  this.  A  m}o[iic  eye,  therefore,  has  a  far  point 
at  a  linilc  (bstance.  It  also  has  a  near  [loint,  when  the 
accommodation  is  brought  into  [ilay. 

]-J.rpt  riiiit  lit.  In  a  class  of  ordinary  si/e  two  or  three 
members  will  usually  be  distinctly  myo[)ic.  Measure  their 
far  and  near  points  with  the  piiiictiimetor.  'I'he  student  can 
imitate  this  condition  by  placing  a  convey,  sjiictacle  lens  in 
front  of  his  >wn  eye,  and  perform  the  same  e.xperiiueiit  for 
himseU. 


I'lii.  :t:i.  von  Bciiolil's 
circles.  To  show 
cluoinatic  aberrii- 
tioii. 
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Ihiju  nnrlmpiii. — Tliis  fomiitidii  is  tlio  coiivfise  n[  tlu^ 
jtnH'cdin;,',  till'  aiiti'i-n-piistci-ii  !■  diiimotcr  of  tlu'  c.vi^  l)fin^  too 
short  fnr  the  i\',rai;tivo  ;»iipariitiis.  Wluii  lli.'  eye  is  at  rest, 
all  ohjfcts  at  any  ilistaiuc  are  nioiv  or  less  imlistinct.  Hy 
accoiniiio.latiiif,'  an  exact  Incis  is  (il)taiiiea  up  to  tlie  near 
point,  whicli  is  naturally  iiirtlier  from  the  eye  than  in  the 
eimnetropic  eomlitioii. 

Deiennine  the  tear  point  in  a  hypermetropic  eye,  or 
rednee  a  normal  eye  to  this  condition  i)y  a  coiieav.'  jilass,  and 
-.neasuro  the  result. 

Pn^hnvpia.-'A^  a;,'e  advances,  the  lens  i)ecomes  less  and 
les>  elastic,  and  the  power  ot  accommodation  correspondin^dy 
diminisliis.  This  is  most  readily  (lemonstratod  hy  ascertainin.i,' 
tlu!  near  point  of  the  eye.  For  example,  this'  is  normally 
10  cms.  at  the  au'e  of  twenty,  11  cms.  at  thirty,  'I'l  cms.  at 
forty,  a:.. I  so  on. 

Determine  the  near  point  for  memhers  of  the  class  who 
are  of  dilVereiit  ayes,  hy  the  punctumeter. 

.[stig)nati^m.—'V\\\A  term  is  employed  for  two  kinds  of 
defect  :  namely,  for  irregularities  of  cornea  or  lens,  producing 
irregular  astigmatism,  as  when  a  luminous  point  has  star-like 
rays,  v)r  for  differences  in  the  refraction  of  different  meridians 
of"  the  eye— regular  astigmatism,  producing  the  same  result 
as  if  a  weak  cylindrical  lens  were  placed  in  front  ot  the  eye. 
l-'.xamine  the  target  of  the  punctumeter,  when  '\  lens  of  this 
description  is  placinl  in  front  of  the  eye. 

Dnihiiistiatioii  nj  Krnirs  f  Rrfrartinn  v:ith  KliliiH'.<  l.!/c.— 
'{"his  aiiparatus  is  particularly  well  adapted  for  studying  these 
errors.  As  the  lens  is  of  gla.ss,  it  is  perft  ctly  -presl)y<ipic,  and  hy 
sliding  the  screen,  which  represents  the  retina,  to  and  fro, 
n'.yopia  and  hypermetropia  are  readily  imitated.  Astigmatism 
is'caused  hy  the  addition  of  a  cylindrical  lens  outside  the  eye. 

Colour  vision. — There  are  three  things  to  he  considered 
with  regard  to  any  given  cohnir  sensation 

(1)  Colour  or  hue. 

(•>)  Saturation  or  tint. 

(:i)   Intensity  or  hrighlness. 

Varintiiin  in  cnhmr.  -T\w  colour  depends  on  the  wave- 
length of  the  light. 

l'',xaimni:  the  spectrum  from  ,i  prioiu  ;  the  blue  end  is  the 
most  refracted. 
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Colour  blindness.— -I''\:iiniii('  imrtions  of  tlic  spci-Uuiu  li> 
tli(  iiu  tliii'l  ol'  ivlriil;^(-(4r(,iii.  Wlicii  tlu'  iKirtinii  is  sliintciird 
siit'l'iiiciitl\',  it  ii[ipiiirs  iiinii()-(  hri)iiiiitic.  Mi  .isiirc  tin'  Iciii^tli  (if 
tliis  iiioniH'liriiinatic-  piitcli  for  each  indiviiUial,  in  (lit'lcrnit  pints 
of  tlic  siicctiiiiii  ;  in  '  coloiir-hli ml  '  persons  tlic  len;,'tli  will  In; 
^,'1  eater  than  the  normal,  be! njj;  exactly  proportional  to  the  ilefeet 
(if  ei'lour  vision. 

I'Aamine  Ilolin^ren's  set  of  coloured  wools,  and  h  t  one 
student  test  his  iieij^hhours  for  colour  hlindness.  Tliis  test 
suceiHMis  hesl  if  hoth  experimenter  and  suhject  are  slii^ditly 
tliick-h(  aded. 

Siitiirdfiii/i  of  roli'iir. —  Use;  Hothc's  rot;itory  apparatus. 
'J'liis  consists  essentially  of  a  disc  that  can  he  rotated  at 
dilTerent  spicds.  This  disc  has  differently  coloured  sectors, 
and  hy  means  of  radial  slits  any  reijuired  mixture  ol  colours  can 
h(;  made. 

J'iXamine  lirst  a  pure  red  disc  ;  secondly  the  same  red  disc 
with  a  white  sector,  usin;,'  a  fast  rotation  to  avoid  flicker. 

I'liriiitii'ii  lit'  iiift  iisiti/.  ()l)serv(!  the  dilTerenee  in  sensation 
^iveii  hy  any  pure  colour,  with  ditl'erent  intensity  of  illumina- 
tion. 

Cdinparo  the  relative  intensity  of  different  colours  with  the 
same  ilhnnination  ;  the  same  difficulty  will  he  met  with  a^ 
was  found  in  computing'  the  intensity  of  s(uinds  havin<,'  a 
marked  diS'ereiice  in  pitch.  With  medium  illumination,  take 
red  and  hhic  cards  that  iipiiear  of  the  same  deforce  of  hrij^htness. 
Urin^'  them  into  a  bright  light — the  red  appears  tlh  .uore 
intense.  iJeduce  th"  illutuination — in  didl  light  the  reverse 
occurs. 

The  dark-adapted  eye. — The  student  should  make  ex- 
periments at  home  on  the  eye  in  this  condition.  With  a  very 
feeble  illumination,  note  that  all  colour  sense  is  absent  -all 
objects  when  just  visible,  have  apparently  the  same  pale 
bluish-green  glimmer. 

Look  careftdly  at  a  small  marble  at  about  3  feet  distance, 
with  the  d".rk-adapted  eye,  in  very  feeble  illumination.  When 
the  inuige  falls  on  the  yellow  spot  it  becomes  invisible. 

Contrast. — Simultaneous  contrast  occurs  when  tlilfcreiit 
intensiti'  .^  of  light  fall  side  hy  side  on  the  retina. 

1.  Take  a  large  sheet  oi  wiiile  papei'  and  anoliict  of  black, 
place  them  side  by  side,  and  place   in   the   middle   of   each. 
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siuiill  siii.iliir  pieces  of  givy  paiHr.  Note  wliicli  :i[i[ifar.s  Iho 
brij^  liter. 

'J.  Take  a  sheet  of  redpaiicr.  I'lace  in  the  middle  a  s(|uai'e 
of  '^rry  iiaper,  and  cover  the  whole  with  tissue  paper.  Note 
the  colour  now  assumed  hy  tin;  ^,'rey  patch.  Kepi'ut  with  a 
slicot  of  pale  f,'reeu  pajjcr. 

Culoiir  sli(td(ucii. — Arranj;e  an  H  cp.  and  a  l(i  ep.  electric 
hulb  aliout  ()  inches  apart,  and  place  an  uprij,dit  rod  so  as  to 
throw  two  shadows  on  a  screen  ahout  a  yard  away.  lOach 
shadow  is  therefore  illuniiiialed  hy  the  other  lamp  ;  in  this  case 
both  are  slightly  yellow.  Next,  place  a  pit  ce  of  coloured  j^lass 
in  fnmt  of  the  H  cp.  lamp;  tlrj  shadow  of  the  rod  i,'iven  hy 
this  lamp  becomes  of  the  complementary  colour.  The  colour 
is  most  vivid  when  the  shadows  nearly  touch. 

SiH-ccssiun  ioiitraHt.  —  'Shikc  several  rin;,'s  of  ditl'erent 
coloured  papers,  place  a  small  black  dot  in  the  centre  of  a 
sheet  of  white  paj)er,  put  the  rinj,'  over  this,  and  look  steadily 
at  the  dot  for  two  minutes.  Inrush  away  the  rin;,',  continuing' 
to  f^aze  at  the  dot ;  an  after-ima^'c  ol  the  rinj;  will  appear  of 
the  comiilenientary  colour. 

Mixture  of  Colours. — Wiih  Kothe's  apparatus  take  any 
coloured  disc,  and  determine  what  otb.er  colour  must  be 
taken  to  produce  j^rey  or  nearly  white. 

After-images. — These  are  of  two  kinds.  In  tlie  lirst,  or 
positive  after-iiuaj^e,  the  ori;,'inal  object  is  reproduced  of  the 
same  deforce  of  bri^'htness ;  in  the  second,  or  negative  after- 
image,  the  brightness  is  reversed.  The  colour  of  the  negative 
after-image  is  always  complem(;ntary  to  that  of  the  original 
object ;  that  of  the  positive  after-image  may  be  either  com- 
plementary or  of  the  same  colour.  Generally  .speaking, 
positive  after-images  are  most  easily  obtained  after  a  sliort 
exposure  of  the  rested  eye,  negative  after-images  by  a  com- 
paratively long  exposure. 

K.vptriincnt.'s. — 1.  Close  the  eyes  for  a  minute  or  two  in 
order  to  rest  them.  Look  at  an  ineandtsci'nt  electric  light 
thrcnigh  ruby  glass  for  about  half  a  second,  close  the  eyes 
again,  and  a  bright  red,  positive,  after-image  will  be  perceived. 

■2.  Look  at  the  light  again  for  about  half  a  minute.  On 
closing  the  eyes  a  bright  green  image  will  be  perceived. 

o«.  Study  the  eirect  of  the  background  ot:  which  tlic 
images  arc  seen.     Look  at  the  light  for  half  a  minute,  then 


AFTER  IM.VflHS  l?r> 

(lifci't  till"  eye  to  a  ])laiii  wliiU'  surfiU'c  A  il.irk  iiP^,':iliv('  allcr- 
iii  L<,'('  will  1>.    i"rciivr(l. 

'Ml.    Ivepcat.   l)Ut    ill   tliis  case    lunk  at  a  dark  surface;   tlic 
a[t('r-iina;,'('  will  iiuw  lie  j"     'ivc 

Niitr  the  cliail'jrs  ill  cni,   iir  wllicll   tlirsc  1  llill.U>  sllOW.        N'dtc 

iilsi)  thr  cCtVct  dl'  liliukiiiL;  lli'-  i^vclids.  hi  cxixTiiiiciit  :((/  tlu! 
iif^'ativc  aftcr-ima<,'f  liiCdiiic-  converted  to  llie  jm-itive  wlieii 
tlie  eves  are  sliiit,  to  liecoine  a;4aiii  ne^'alive  when  tlie  eyes  are 
oliened. 


■-V   J 


'iiiin^ 


IIM' 


"I 


\ 

■  i 

I 

•:  ■ ' 

\ 

1'  ■  ' 

1 

1  ■' 

l!;l 

--1 


12(1     A  TKXTliUOK   OK   KXrEUIAtMNTAL   I'HYSrOLOdV 


liKSSOX    XXXVI 

I  111:    nl'irniAI.MnsCdI'l;  —  III'.TlNiiSCniV 

The  Ophthalmoscope.  'I'liiscdiisistscsscniiiillynl  aci.iinivc 
i.r  |il;iiir  iininir,  wliich  rillt;cts  tlif  li^'lil  of  a  laiini  into  llic 
ul.st  rvcil  tyr  ;  a  liulr  in  llic  iiiidillc  ot  tlu'  inirrnr  alli  iw--  the 
(ili^civcr  lo  look  i;it()  the  pii))il  in  lln'  sann'  (lin'rlion  as  llic  ravs 
111  tile  li'jlit  liavrl,  wliii-li  iihnnMiatc  ii. 

'I'lir  siiiilcht  ~l 1(1  |)nii'lisf  liotli  ilirccl  iiiid  nidinri  nidliods 

(iii  llir  aililiiial  eve  in  the  tii'sl  inslama',  ami  afti  r\\  nil-  nn  the 
luiiuan  siiliji'it. 


l''i,,.  :;l.  (>iihlh;ilnin^roi>.  .  Dirrct  mptliml.  FiK- A  ^-ivcs  tlio  cniu  o  of  tlic  iiiy^ 
I.I  li  .111  liMin  till-  lamp.  l'i(.'.  15  the  lavs  fuiiuiiit^  tlic  imau-c  on  llir  «]!<■  r\i  i'^ 
1.  tiiia.     1.  I,uii|i;   M,  minor  ;  o,  ob^civei's  ivo  ;  s,  sulijict'.  c  yi-. 

In  the  <liiict  nuillioil  ot  ohscrvaiinn  a  small  concavo 
iiiinur  (if  (')  cms.  focus  is  (inploytil.  The  i-ourrc  of  li^lit, 
wliicli  may  in-  an  arj,'aii(l  biiriioi'  or  iiifandcsi-cut  cKclric  lamp 
uiLii  a  fii'Nhci  buib,  is  [ilaufi]  mi  a  ltjM-1  uilL  lli'-  i>i»ctV;  li  i\i-, 
ami  a  lillle  boliiml  it  on  the  same  side.     The  ohservei's  eye 
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and  the  luiirni-  ari'  tticii  jil:ici d  a--  cli  -i  in  ilir  iil>s<  rvfil  eye  HN  can 
lie  (■iiiiM'iiifUlly  ilniif.  On  (liiifUn^  a  Ix  am  "I  li;,'lil  fiiMii  llic 
iiiiiiur  inln  the  lyr,  tln'  ray^  I  iki"  llif  ('miii  -c  ^liiwn  in  I'ij,'.  :>t  A, 
(•nnv('r<,'inv'  from  tlic  minor  ami  hcin^'  ln-oni^lit  lo  ;i  focii'^  iiy 
till'  fffiaiMiii^'  snrfar,  ^  nl'  tlic  ivc,  in  llic  vitreous  Immour  a 
littlo  distance  li'  .ml  the  lens,  llms  ilillii'-ely  liuliliiiu;  iqi  a 
l)ortion  of  the  "eliiia.  A-~sinnin,L;  lliat  oiiservini,'  and  olisi  rved 
eyes  liave  noeiror  of  refnielioii,  mid  lh.it  tlieir  lu  coinmodatioii  is 
relaxed,  the  rays  of  h^lit  from  any  [.oint  of  llie  oli^i  ived  retina 
will  take  the  course  shown  in  l''i;,.  ■'<\  1 '>.  emer;^ihL;  from  thi'  e\e 
parallel  and  luiiu:  hroiiuht  to  n  foiiis  oe  the  (il.-<rr\i  t'  ■  retniii. 
As  the  retina  is  ohserved  near  llie  |u-iiiei|>:d  fnen-,  ■>[  the  (lioplric 
system  of  tin  oh-erved  e\e,  this  acts  a^  a  --im|i|e  iiiierosr()|ie  ,ind 
a  niaL;iiilieil,  I  reel,  viiiual  imiui'  seen  a|i|iai(  nily  snme  distanee 
hehind  the  oliserV'd  eye.  'I'hw  ima'je  in  the  normal  eye  is 
eiilar^'cd  ahoiit  y  1  •"),  hnt  only  a  small  ['art  of  tin  [iindu-.  can 
he  seen  al  one  time. 

'I'o  '^ri  a  more  general  view  of  the  retina  the  indirect 
niethoil  must  he  employed.  'I'he  concave  mirror  of  -1  cms. 
focus  is  employed  and  the  lamp  heinj,'  in  iio-umh  ahove 
(Icscrihed,  the  ohserver  places  his  ^\^■  at  coiiviiiiiiit  arm's 
leneth  from  the  eye  to  be  examined,  ami  thrown  the  eon ver^'inj,' 
beam  of  li^'ht  from  the  mirror  n|ioii  it.  .\  doiiMe  convex  lens 
of  about  7  i-ms.  focUs  {\.)  is  laid  l>y  the  left  hand  jii-t  in  front 
of  the  observed  eye,  and  the  licht  directed  thr"ie^li  it.  The 
rays  conver;,'(!  to  a  focus  just  l)ehind  th>-  erystalhiH  lens  in  the 
vitnous  liumonr,  and  illuminate  the  iiueiinr  of  the  (ye  .is 
shown  in  l'"ifj;.  •■>•">  A.'  The  jiath  of  the  rays  lorniini;  the  imat,'e 
of  the  retina  is  shown  in  Vi'^.  -u)  1'..  'I'lu  rays  from  any  f,'iven 
point  on  the  I'ctina,  on  passin;,'  oiii  ot  the  eyi-,  become  parallel, 
aiul  these  [)arallel  rays,  on  passiii;^  ilirriui^li  llu:  lens,  conver^'t: 
once  more  to  a  point  at  its  [irincipal  f<'cii--,  forniinj;  an  inverted 
real  imaj^'t,  wliich  is  seen  by  the  obsi  rver  jusi  Ixy.nd  his  mar 
point. 

.■\t  first  (>n  throwing,'  the  li-ht  into  the  evc  a.  vv\  i;lare 
will  be  seen  lillin;^  the  [)ii[)il.  'I'his  is  called  the  reilex.  If 
the  lens  he  now  moved  away  from  the  oh-erved  eye.  nniil 
the    mari^in  of  the  pupil    disap[iear-,  and    the    obser\er's  eye 

'    'riii-  ilia.'i'lllii    -iHijui^i,  lll:il   .'1  c-ijllc';nf    inilliii'    cil    ■_''-'  1III-.    l.ieu-    i-    i.!ii1)1..vim1, 

tliut  llif  lif^lit  (■( Iiom  ;i  ^,.111,-. -a  litllf  Ill-hill  1  llir  |i:ui.  iit's  lit:ii|,  ami  ih.il  tlio 

obseivir's  eye  is  at  llie  usual  ili-t.iiict'  Iruui  the  -iiI'Ji;lI  ^iI  '-':!  i  in-. 
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l)t'  lll'Coniinn.liltril   fnr  tin     |i|  ill'  iplll   fi'CllS  iif  till'  liiH,  tlir    II  111  X 

will    Hinliii'iily  1)1'   ii|ila((Mi   l)y  ii  ^li;ii|)  iiim^-r  ol'  siniir  of    tlir 

rt'tiimi   li!iinil-Vrs-,cls.        Hv  CMll^inu   thr    '^l|l)i^l■|    I'l    liink   sllt,'lltly 

inwards  mid  uiiwaiiU.  llir  njiti''  disc  will  lucunii  visiMc,  us  un 
oviil  pule  jiiiik  nita.  thnni^li  tlii  middle  of  uliiili  tlic  friiti"d 
•irtcry  i>{  thr  ritina  w  ill  In'  srcii  riiti  riii;^  ;iiid  Im^  ;ikin'_'  iiji  iiiln  its 
V.'irinlis  lualU'lii  s. 

To  nhscrvt'  till'  iiiaciila  Int. a.  tin'  siiiijcrl  slmuld  ludk 
stfai^lil  at  thr  holi'  ill  tlir  nplit h,ilMiii--i'ii|ii'  iiiirn>r,  Imt  tin' 
slnmu'  li;^ht  falliii;,'  on  this  iimsi  snisitivi  part  of  the  n  tiiia  w  ill 
L'aiiS(>  the  jiiipil  to  liii'oinc  coiitiai'tt  (1,  uiili  s^   thr  r\i'   is  under 


F'.n.  .').">.     OplithalnKi^copi'.     Indiiict   iintluid.  I'l^'.   .\    n'wea  tlii'  coiir-^i"  of   tlm 

iliv-  of  liglit   I'ldiM    the   liiin|i.     Fi(.'.    Ii    llir  liiy-   loiiiiini.;  tlir  iiim^'i'  on    tli'' 

ol).s»'ivii's   ntiiia.     r,  iaiiip  ;  ii.  niirrnr  ;   i.,  Iins  ;    n,  oli-;civci-'-i  i\v  ;  s,  miIi- 
jctt's  lye. 

the  inthuiiee  of  atropine.  The  pei'i[di(  ral  parts  of  the  retina 
eaii  lie  ohserved  hy  causing  the  suiijeet  to  look  up  and  down 
and  riejit  and  k^ft  as  the  case  may  he,  as  far  as  jiossihie,  the 
head  beiiii,'  kept  luotioiiless  and  the  eye  alone  rotated. 

Estimation  of  Refraction  by  the  Ophthalmoscope.  -In 

the  direct  method  of  examining'  the  retina,  it  was  seen  that, 
wlien  the  accoinmodatioii  of  hoth  ohserv(>r's  aiul  suhject's  eye 
was  relaxed,  a  clear  imai,'(i  was  seen  only  if  hoih  eyes  were 
eiiiUiiiropic.  Tiii^  forms  the  h;i:si:s  of  ;i  mctiiod  r.i  as,;.-  rtaiiiii;;,' 
errors  of  I'i'fraetioii. 
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If  tlio  oliHcrvt'r's  cvf  lie  tiiiiiiclrnpif,  or  its  error  corrfcttul 
l»y  a  suitable  Iciis,  iirxl  tlic  aci'oiiiiiioilatioii  relaxed,  ho  can  at 
once  (leteniiine  the  iTror  of  an  oi)serveil  eye  by  notiiif;  which 
lens  of  the  refraction  ophthalnioscoi-K;  has  to  be  i)roueht  over 
the  hole  in  the  mirror,  iti  order  to  ;,'rl  il  cle'ar  imago  of  the 
retinal  tletails. 

If  the  observed  eye  be  by|Hrmel! .  .pic,  the  fundus  can  i)i' 
seen  by  an  effort  of  accomuKxlation,  as  the  iMuer^m^;  rays 
divorf,'e.  As  convex  leiisi  of  increasing,'  curvature  an;  succes- 
sively omidoyed,  the  o!>s(  rver's  aceonnnodation  can  i)e  rel  ived, 
and  the  correcting,'  li  iis  for  the  oi)served  eye  is  the  most  convex 
oni'  with  which  the  fundus  ( :i\\  be  distinctly  seen. 

The  eimnetiopic  observer  cannot  see  tlut  fundu-  in  myopia 
without  a  correcting'  ;,'!a-.s,  as  the  eineruini,'  rays  converge,  and 
come  to  a  focus  in  fi. 'Ut  of  his  retina. 

The  Weakest  coiicave  lens  \\lii(di  enables  the  fundus  to  b.' 
distnictly  si'cn,  is  thr.t  which  confctly  coinpi  n^>ates  the  myopia 
of  the  observed  t  ye'. 

Retinoscopy. — Tlh  sJi,i-/nic  fr.-,f. 

The  ol)server,  usiiii,'  a  concave  nnrror  of  '-2  cms.  focus,  sits 
V20  cms.  in  front  of  th<!  subji ct.  Tiie  source  of  li;,dit  is  pl.iced 
over  ihe  latur'--  head.  The  lit,'lii  is  thrown  into  the  eye  at  an 
anf,de  of  1")  to  tin;  visual  axis,  to  avoid  stimulating,'  the' 
macula  lutea,  :ind  the  consequent  contraction  of  the  ]iupil. 

When    the   mirror    is    rotated    in    diltereiil    direction--,  the 

illuminated  -^jiot  on  the  retina  is  seen  through  the  refracting 

ye    to    move    iicross    the    pupil.     Observe  the 
1 


media    of 

motion  oi 
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le 

e  e<li,'e  .,  f  this,  lecMiiically  called  '  the  shadow.' 
i,id   w  ]  .i'\,    with  the  mirror,  myopia   is  present, 
uiii-iiat-  d  I      'he  real  inverted  imai,'o  i,  of  the  lamp 


-:ia 


he  .irror  M  (I-'h_r  :(C)).  This  im  i{^e  moves 
\!i     airii^e  I,,   ai.  liu  inverted,  '  f  I^  is  formed 

'-■;•    t!  -,  if  I,  is  at  the  far  )jint,  otherwise 

.  :!...     una;,'!     will     move    ir.    the    oppo-:te 

■  ::       in-iv>    lo  i.,,  i    will  move  to  I,.     I.  and 

;h    >ee!i  liv  the  oiiscrver,  as  all  the  rays 

:  -  liT'iin  11  Icaviii','  the  eyt\  to  form  a  third 
ntiitr  i|  r  i.,,  inverted,  and  having  llic  same 
A.-  the  latter,  i.e.  with  the  mirror. 

.  the  retina  i.  is  nearer  the  lens,  and  the 
it    .vi;    ;i  i^'l-.  '■'>*>  a. 
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Tlic  niys  from  i,  do  iif)t  (.'(iinc  to  a  focus  on  ;lu>  retimi. 
hilt  luliiiHl  it,  iuul  licnce  a  fiivlf  of  dil't'iisioii  n,  is  fonncil  on 
till'  rrtina.  'I'lic  rays,  on  ciiicrKinf:;  from  the  (vc,  lu'Comc 
piindk'l,    and    licncf    a    virtual    iniavc    is    formed    at    infinity, 
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I'lr,.  ;!!',. _];( til, (-ro|:;.  \\  illi  a  C(  iicitvi- liiiriM'.     a,  iiiU'iiic  ( ,V(>  ;   i',  niiliielroinc 
(ve;  (  ,  liviiertropic  cyi' ;   n.  ntinii. 

apprnriiip  to  the  ohservcr  Ix'hind  the  ohsorv(d  eye  as  at  s,. 
If  the  mirror  move  so  that  I,  moves  to  i,,  d,  will  move  to 
V,  and  tlie  ima^'c  at  infinity  will  appear  to  the  ohserver  to 
have  moved  to  s,,  /.' .  its  motion  will  he  against  the  mirror. 
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In  hypernietropia  the  retina  u  is  still  closer  to  the  lens 
and  the  circle  of  ditTiisioii  correspondingly  larger  and  dimmer, 
as  shown  in  Fig.  '-W  C.  The  rays  from  D,  on  leaving  the 
eye  will  be  divergent,  and  their  focus  will  be  behind  the 
retina  at  s,,  forming  a  virtual  image.  It  the  mirror  he  moved 
as  before,  d,  will  move  to  D.^  and  the  image  seon,  s,,  will  appeir 
to  move  to  s,„  i.e.  also  against  the  motion  of  the  mirror.  If 
the  plane  mirmr  be  used,  the  retina  will  be  illuminated  by 
a  virtual  image  of  L  situated  as  far  behind  the  mirror  as  i, 
i>.  really  in  front  of  it.  This  virtual  image  always  moves  in 
the  opposite  direction  to  the  mirror,  but  the  paths  of  the 
emerging  rays  will  still  b;^  th(>  same  relatively  to  the  image 
(if  the  source  of  light,  i.e.  as  the  motion  of  the  illuminating 
point  is  reversed  in  every  case,  the  movement  of  the  sha  low 
is  also  reversed,  and  in  myopia  will  now  bo  against  the  mirror, 
and  with  it  in  emmetropia  and  hypermetropia. 

To  ascertain  the  refraction ;  in  myiipia,  place  concave 
glasses  in  front  of  the  subject's  eye  until  the  shadow  which 
originally  moved  with  the  mirror  is  seen  to  move  against  it. 
The  lowest  concave  glass  which  etfects  this  is  the  correcting 
lens  of  the  myopia. 

If  the  shadow  move  against  the  mirror,  th;  eye  is 
emmetropic,  hypermetropic,  or  slightly  myopic. 

If  on  nsing  a  convex  lens  +  O-'i  D.'  the  shadow  now 
move  with  the  mirror,  then  the  eye  is  slightly  myopic,  about 
-  0-5  ]). 

If  it  continue  to  move  against  the  mirror  with  +  0  o  D., 
but  move  with  it  with  +  1  1).,  the  eye  is  emmi'tropie. 

If  the  motion  be  still  against  the  mirror,  with  a  lens  of  +  1  1). 
the  eye  is  hypermetropic,  and  stronger  +  lensi's  are  used,  nntil 
one  is  found  which  causes  the  motion  of  the  shadow  to  go 
with  the  mirror.  The  measure  of  the  hypermetropia  is  1  i). 
less  than  the  number  of  this  glass,  as  it  has  evidently  over- 
corrected  the  refraction. 

'  The  unit  of  rofractiiiii  is  lakon  a-.--  a  convex  Icn.s  of  one  metre  tociH,  wliicli  is 
ealleJ  the  Dioiitiic  Unit  or  Dioptry  (D). 
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LESSON   XXXVII 

THE    OPHTHALMOMETEU — THE    I'EIUMETEU 

The  Ophthalmometer. — In  the  examination  of  Sanson's 
images  (Lesson  XXXIV,  p.  118)  the  student  will  havi;  observed 
that  he  obtains  a  bright  erect  imago  of  any  object  reflected 
from  the  anterior  surface  of  the  cornea.  For  a  given  object, 
the  apparent  size  of  this  image  is  depinident  on  the  railius  of 
curvature  of  this  surface.  If,  therefore,  there  were  any  method 
of  measuring  the  size  of  the  image  (or  of  measuring  the 
relative  displacement  of  two  images),  it  would  bj  possible  to 
calculate  this  radius. 

Such  a  measurement  is  possible  with  the  ophthalmometer. 
The  instrument  consists  essentially  of  two  luminous  objects, 
or  'mires,'  and  of  a  tiilescope  by  which  is  observed  the 
rclleetion  of  these  mires  from  the  surface  of  the  cornea.  The 
leli!scope  has  a  double  object  glass,  and  a  bi-prism  placed 
between  the  two  parts.  This  arrangement  gives  a  double 
image  of  the  eye  of  the  sul)ject,  with  the  mires  reflecte  1  from 
it,  and  the  degree  of  separation  of  the  images  of  the  eye  is  so 
arranged  that  the  double  images  of  the  mires  overlap  to  an 
arranged  amount.  The  degree  of  overlap  measures  the 
curvature  of  the  surface. 

The  exact  working  directions  will  depend  on  the  con- 
struction of  the  particular  instrumjtit  used,  which  are 
variously  described  by  their  makers  as  ophthalmometers,  or 
astigmometers. 

The  importance  of  the  measurement  of  the  curvature  of 
the  cornea  lies  in  the  fact,  that  it  is  usually  the  structure  at 
fault,  when  the  eye  has  the  defect  of  astigmatism. 

The  Perimeter. -This  instrument  consists  of  a  quadrant 
which  can  ho  revolved  so  as  to  trace  out  a  hollow  sphere. 
The  subject  places  his  chin  on  a  rest,  gazes  at  the  centre  of 
the  sphere,  and  regards  the  little  patches  of  white  or  coloured 
paper,  that  slide  up  and  down  the  ijuadrant.     To  obtain  the 
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extent  of  the  fiold  of  vision  for,  e.g.  wliito,  the  patch  of  paper  is 
placed  outside  the  field,  and  gradually  moved  inwards  till  it  just 
heconics  visible.  This  spot  is  recorded  on  a  card  at  the  back 
of  the  apparatus,  the  quadrant  revolved,  and  another  reading 
taken.     The  wbole  field  can  thtireby  be  mapped  out. 

The  student  should  determine  his  field  for  colours  as  well 
as  for  white  lij^ht,  and  mark  out  the  area  of  the  blind  spot. 
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